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INTRODUCTION 


The  present  report  describes  the  development  of  a  computer  simulation  of  a 
complete  artillery  safety  and  arming  (S&A)  mechanism,  which  must  operate  in  a 
projectile  that  experiences  spin,  precession,  and  nutation.  This  mechanism  consists  of 
a  straight'Sided  verge  runaway  escapement,  a  two  pass  step-up  clock  gear  train  and  a 
spin-driven  rotor. 

Top  views  of  the  mechanism  planes  of  the  two  possible  configurations  of  this 
device  are  shown  in  figures  1  and  2,  respectively.  One  of  the  feasible  positions  of  this 
mechanism  plane  with  respect  to  a  projectile  which  experiences  aeroballistic  motion  is 
given  in  figure  3. 

The  clock  gear  step-up  meshes,  whose  kinematics  and  dynamics  were 
developed  in  references  1  and  2,  have  been  incorporated  into  the  present  verge  type 
fuze  simulation.  It  represents  the  latest  fuze  simulation  work  of  the  authors  which 
began  with  the  pin  pallet  escapement  (ref  3).  This  initial  effort  was  followed  by  a 
simulation  of  a  complete  S&A  mechanism  (ref  4)  in  which  the  motion  of  a  spin-driven 
rotor  is  retarded  by  a  pin  pallet  escapement  that  is  driven  through  a  involute  gear  train. 
The  development  of  the  dynamics  of  a  straight-sided  verge  runaway  escapement  as 
well  as  the  inclusion  of  this  type  of  escapement  into  a  S&A  simulation  where  again  a 
spin-driven  rotor  and  an  involute  gear  train  are  involved  is  given  in  reference  5.  In 
both  these  computer  models,  the  mechanisms  experience  only  spin  fields.  In  contrast, 
reference  6,  which  is  the  predecessor  of  the  present  work,  represents  for  the  first  time  a 
simulation  of  a  S&A  device  with  a  verge  type  escapement  and  involute  gears  which 
operates  in  a  full  aeroballistic  environment.  The  necessary  background  on  the  reverse 
kinematics  of  clock  gear  meshes  was  first  stated  in  reference  7. 

The  kinematics  of  the  aeroballistic  system  are  described  in  appendix  A,  the 
angular  momentum  and  its  derivatives  are  given  in  appendix  B,  the  absolute  ac¬ 
celeration  of  the  center  of  the  S&A  plane  is  provided  in  appendix  C,  the  dynamics  of 
the  entire  system  are  derived  in  appendix  D,  the  projectile  kinematics  are  discussed  in 
appendix  E,  the  kinematics  of  the  clock  gear  meshes  are  shown  in  appendix  F,  the 
projectile  kinematics  in  terms  of  a  specific  coordinate  system  is  presented  in  appendix 
G,  and  the  associated  computer  program  is  listed  in  appendix  H. 


GEOMETRY  OF  CLOCK  GEAR  TEETH  AND  KINEMATICS  OF  STEP-UP 

CLOCK  GEAR  TRAINS 

The  basic  shape  of  a  clock  gear  tooth,  as  used  in  the  present  work,  consists  of  a 
circular  arc  or  ogive  type  tip,  which  blends  into  a  straight  line  (radial)  flank  that 
theoretically  originates  at  the  center  of  the  gear  blank.  As  in  involute  gearing,  the 
intertooth  spaces  are  designed  such  that  there  is  sufficient  clearance  for  a  meshing  set 
of  clock  gears.  (Possible  design  methods  are  given  by  British  Standard  978,  Part  2, 
1952:  Gears  for  Instruments  and  Clockwork  Mechanisms.  Also  see  references  1  and 
2.) 
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Mechanism  Plane 
on  Top 


Figure  3.  Mechanism  plane  in  projectile  which  experiences  aeroballistic  motion 


When  meshed  in  step-up  trains,  where  the  gear  drives  the  pinion,  the  initial  con¬ 
tact  is  made  between  the  circular  arc  tips  of  both  components.  This  contract  mode  has 
been  called  round-on-round  contact.  As  the  motion  continues,  past  a  transition  point  on 
the  pinion,  the  circular  arc  of  the  gear  makes  contact  with  the  straight  flank  of  the  pinion. 
This  contact  mode  has  been  designated  as  round-on-flat  contact.  During  this  regime 
the  contact  point  between  gear  and  pinion  first  proceeds  inward  with  respect  to  the 
pinion  flank.  Subsequently,  it  moves  outward  and  disengagement,  i.e.,  transfer  of 
motion  to  the  next  set  of  teeth  occurs  long  before  round-on-round  contact  could  be 
reestablished.  (Since  the  velocity  ratio  of  such  meshes  is  not  constant,  only  one  set  of 
teeth  can  be  in  contact  at  any  one  time.) 

The  possible  combinations  of  contact  modes  which  arise  cyclically  in  the  two  pass 
step-up  clock  gear  trains  shown  in  figures  1  and  2  are  enumerated  in  table  1 .  Gear  1 
and  pinion  2  form  mesh  no.  1 .  The  combination  of  gear  2  and  pinion  3  is  called  mesh 
no.  2.  (Note  that  the  condition  of  mesh  no.  2  always  precedes  that  of  mesh  no.  1  in  the 
chosen  designations  RR,  FF,  etc.) 

Based  on  the  work  in  references  1  and  7,  apoendix  F  of  this  report  reviews  and 
extends  the  development  of  the  forward  and  reverse  kinematics  of  meshes  no.  1  and 
no.  2. 


Besides  input-output  relationships  as  well  as  angular  velocities  and  angular  ac¬ 
celerations  for  both  gear  contact  modes,  expressions  for  transition  angles  and  contact 
sensing  equations  are  given.  In  addition,  the  angular  velocities  and  accelerations  of  the 
rotor  and  the  gear  and  pinion  no.  2  assembly  are  derived  in  terms  of  the  escape  wheel 
angular  velocity  and  acceleration  for  use  in  the  final  system  differential  equations. 


Table  1 .  Possible  contact  mode  combinaticns  in  a  two  pass 
step-up  clock  gear  train 


Train  contact  mode 
RR 
FF 
RF 
FR 


Mesh  no.  2  (gear  2  and 
_ pinion  3) _ 

R 

F 

R 

F 


Mesh  no.  1  (gear  1  and 
_ pinion  2) _ 

R 

F 

F 

R 


NOTE:  R  =  Round-on-round 
F  =  Round-on-flat 
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DESCRIPTION  OF  COMPUTER  PROGRAM  AERCLOC 


With  the  exception  of  the  inclusion  of  both  the  kinematics  and  the  dynamics  of  the 
clock  gear  meshes,  the  programming  schemes  which  make  it  possible  to  distinguish 
between  entrance  and  exit  coupled  motion,  free  motion,  and  impact  of  the  verge 
escapement  run  parallel  to  those  first  given  in  reference  6.  (It  will  also  be  helpful  to 
consult  the  control  details  for  the  pin  pallet  escapement  program,  which  were  originally 
formulated  in  reference  3  and  later  adapted,  without  much  change,  to  the  verge 
escapement  in  reference  5).  The  main  program  starts  with  the  reading  and  writing  of  all 
physical  parameters  of  the  S&A  mechanism.  Subsequently,  subroutine  GEAR,  which 
has  been  written  for  clock  teeth  whose  ogive  centers  of  curvature  lie  off  the  tooth 
centerlines,  provides  the  distances  AG,  together  with  the  angles  DELG,  for  both  gears. 
It  requires  the  input  parameters  CAPRP,  CAPRO,  RHOG,  and  TCG.  (For  explanation 
of  terms,  see  Computer  Simulation  of  Example  Mechanism.) 

Subroutine  PINION  has  been  written  for  clock  teeth  whose  tip  centers  of  curvature 
lie  on  the  tooth  centerline.  It  provides  the  distances  AP  and  FP,  as  well  as  the  angles 
DELP  and  ALPHP,  for  both  pinions  of  the  train.  The  needed  input  parameters  are  RP. 
RO,  and  RHOP.  (The  expressions  used  in  the  above  subroutines  were  derived  in 
references  1  and  2.) 

To  avoid  confusion,  it  is  to  be  noted  that,  RP2  and  R02  are  the  pitch  and  outside 
radii,  respectively,  of  pinion  no.  2  and  belong  to  mesh  no.  1.  Similarly,  RP3  and  R03 
belong  to  the  escape  wheel  pinion  and  are  part  of  mesh  no.  2.  The  pitch  and  outside 
radii  of  the  rotor  gear  and  gear  no.  2  have  the  same  numbers  as  the  meshes  they  are 
associated  with,  i.e.,  CAPRP1  and  CAPR01,  as  well  as  CAPRP?  and  CAPR02, 
respectively. 

The  above  is  followed  by  the  initialization  of  the  escapement  and  gear  contact 
forces  in  coupled  and  free  motion,  the  computation  of  the  sums  of  the  individual  mesh 
radii  of  curvature,  as  well  as  the  center  distances.  Finally,  before  the  clock  gear  transi¬ 
tion  angles  are  determined,  the  various  fuze  body  angles  are  obtained  (ref  4). 

The  simulation  begins  with  entrance  coupled  motion  at  a  starting  angle  PHID, 
which  represents  that  angle  <|>  of  the  escape  wheel  that  is  associated  with  the  ap¬ 
proximate  center  of  the  entrance  working  surface  of  the  verge.  This  angle  then  cor¬ 
responds  to  a  cumulative  escape  wheel  angle  PHITOT  of  zero  degree. 
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Preliminary  Computations  for  Mesh  No.  1 


Determination  of  Transition  Angies 

The  transition  angle  PH2PT  =  4>2p^  (app  F.,  eq  F-25)  is  established  as  that 

angle  tor  which  a  small  change  in  the  direction  of  continued  motion  of  the  rotor  angle 
PHI1  =  <t)^  will  cause  the  associated  value  of  G1  =  gi  (eq  F-18)  to  become  smaller  than 

its  transition  value  FP1  =  fp,.  Since  the  rotor  gear  no.  1  turns  in  a  counterclockwise 
(ccw)  direction,  the  above  change  in  PHM  must  be  positive. 

The  pi'ogram  accomplishes  this  task  in  the  following  manner: 

1.  The  two  possible  transition  angles  PH2PT1  and  PH2PT2  of  pinion  no, 
2  are  computed  according  to  equation  F-25  (app  F). 

2.  Subroutine  TRANS1 ,  which  is  valid  for  meshes  in  which  the  input  gear 
has  ccw  rotation,  is  called  and  the  rotor  transition  angle  PHI1T1,  which  is  associated 
with  the  pinion  transition  angle  PH2PT 1 ,  is  computed  according  to  equations  F-29  and 
F-30  (app  F). 


3.  The  rotor  angle  PHI1T1  is  made  slightly  larger  to  become  PHINEX, 
and  equation  F-14  (app  F)  is  used  to  find  the  associated  pinion  angle  P2NEX.  Since 
there  are  two  such  angles  resulting  from  the  computation,  the  subroutine  must  select 
that  one  which  is  closest  to  the  pinion  transition  angle  PH2PT1.  Subsequently,  the 
associated  value  of  g,,,  in  the  form  of  G11,  is  determined  according  to  equation  F-18 

(app  F). 


4.  After  control  is  returned  to  the  main  program,  the  value  of  G11  is 
compared  to  that  of  the  transition  magnitude  FP1 .  Assuming  that  G1 1  is  smaller  than 
FP1,  the  transition  angles  PH1T1  and  PH2PT1  govern. 

5.  If  that  is  not  the  case,  steps  2  and  3  are  repeated  for  the  second 
transition  angle  of  the  pinion,  i.e.,  PH2PT2.  This  results  in  the  determination  of  GI  2. 

6.  Again,  control  is  returned  to  the  main  program  and  G12  is  now  tested 
against  FPI.  If  it  is  smaller  than  FP1,  the  transition  angles  PHI1T2  and  PH2PT2 
govern.  If  the  test  fails,  the  program  is  terminated  with  the  message  "SOMETHING  IS 
WRONG  WITH  MESH  1". 
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Determination  of  Correct  Sign  for  Forward  Round-on-Fiat  regime  of 
Mesh  No.  1 

The  sign  preceding  the  square  root  in  equation  F-14  (app  F),  for  the  forward 
round-on-flat  contact  mode  of  mesh  no.  1 ,  is  determined  with  the  help  of  the  rotor  gear 
transition  angle  PH  I  IT.  Both  possible  pinion  angles  PH2PF1  and  PH2PF2  are  first 
determined.  The  sign  used  in  the  determination  of  the  one  which  deviates  least  from 
the  pinion  transition  angle  PH2PT  Is  then  given  to  the  signum  function  SIGN1F.  This 
parameter  is  used  throughout  the  program  In  conjunction  with  equation  F-14  (app  F). 

Latest  and  Earliest  Possible  Values  of  PHI1  and  PHI2P  of  Mesh  No.  1 

The  latest  and  earliest  values  of  the  gear  and  pinion  angles  PHI1  AND 
PHI2P,  respectively,  are  found  by  continuously  evaluating  the  round-on-flat  regime 
equation  F-14  (app  F)  with  SIGN1F,  and  simultaneously  checking  the  contact  condition 
for  the  subsequent  set  of  clock  teeth,  as  given  by  equation  F-31  (app  F).  This  loop  is 
initiated  at  the  transition  angle  PHI1T  and  it  is  terminated  when  the  condition  of  equa¬ 
tion  F-31  (app  F)  is  met.  The  latter  furnished  PHI1F  the  latest  possible  contact  angle  of 
the  rotor  gear,  as  well  as  PH2PFF,  the  latest  possible  contact  angle  of  pinion  2.  (These 
are  the  angles  at  which  contact  is  transferred  to  the  subsequent  gear  mesh.)  To  obtain 
the  earliest  possible  (initial)  contact  angles  PHI1I  of  the  rotor  and  PH2PI  of  the  pinion, 
the  appropriate  tooth  spacing  angles  are  added  or  subtracted,  as  needed,  from  the 
respective  final  contact  angles.  The  initial  rotor  angle  PHI1I  is  obtained  by  subtracting 
the  gear  tooth  spacing  angle  DPHII  from  the  final  angle  PHI1F.  By  adding  the  pinion 
tooth  spacing  angle  DPHII  P  to  PH2PFF,  the  Initial  pinion  contact  angle  PH2PI  results. 

Determination  of  Correct  Sign  for  Forward  Round>on-Round  Regime  of 
Mesh  No.  1 

The  sign  preceding  the  square  root  in  equation  F-1  (app  F),  for  the  round-on- 
round  contact  mode  of  mesh  no.  1 ,  is  determined  with  the  help  of  the  initial  rotor  gear 
angle  PHI1I.  Both  possible  pinion  contact  angles  PH2PR1  and  PH2PR2  are  first  ob¬ 
tained.  The  sign  used  in  the  computation  of  that  one  which  deviates  least  from  the 
initial  pinion  contact  angle  PH2P1,  is  subsequently  assigned  to  the  signum  function 
SIGN1R. 

Reverse  Kinematics  of  Mesh  No.  1 

Determination  of  Correct  Sign  for  Reverse  Round-on-Round  Regime  of 
Mesh  No.  1.  The  sign  preceding  the  square  root  in  equation  F-68  (app  F),  which  allows 
the  determination  of  the  rotor  gear  angle  for  a  given  angle  of  the  pinion  during  reverse 
round-on-round  contact,  is  found  with  the  help  of  the  initial  pinion  angle  PH2PI.  Both 
possible  rotor  gear  angles  PHI1R1  and  PHI1R2  are  first  computed.  The  sign  used  in 
the  determination  of  that  of  the  above  angles,  which  deviates  least  from  the  associated 
initial  rotor  angle  PHI1 1  is  then  assigned  to  the  signum  function  RSGN1 R. 
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Determination  of  Correct  Sign  for  Reverse  Round-on-Flat  Regime  of 
Mesh  No.  1.  The  sign  preceding  the  square  root  in  equation  F-95  (app  F),  which  is 
used  to  determine  the  rotor  gear  angle  for  a  given  pinion  angle  during  reverse  round- 
on-flat  contact,  is  found  with  the  help  of  the  final  (latest)  pinion  contact  angle  PH2PFF. 
Both  possible  rotor  gear  angles  PHI1F1  and  PHI1F2  are  first  obtained.  Subsequently, 
the  sign  used  in  the  computation  of  that  rotor  gear  angle  which  deviates  least  from  the 
associated  final  rotor  angle  PHI1 F  is  assigned  to  the  signum  function  RSGN1 F. 

Preliminary  Computations  for  Mesh  No.  2 

The  general  procedures  for  the  preliminary  computations  for  mesh  no.  2  are 
identical  to  those  that  were  followed  for  mesh  no.  1 .  It  must  only  be  kept  in  mind  that  for 
mesh  no.  2  the  gear  (i.e.,  gear  2)  rotates  clockwise,  while  the  pinion  (i.e.,  pinion  3,  the 
escape  wheel  pinion)  turns  in  a  ccw  direction. 

Determination  of  Transition  Angles 

The  transition  angle  PHIS f  =  (app  F,  eq  F-59)  Is  also  established  as  that 

angle  for  which  a  small  change  in  the  direction  of  continued  fonward  motion  of  the  now 
applicable  gear  no.  2  angle  PHI2  =  <1»2q  will  cause  the  associated  value  of  G2  =  (app 

F,  eq  F-52)  to  become  smaller  than  the  flank  transition  value  FP2  =  fpg.  Since  gear  no. 

2  turns  in  a  clockwise  direction,  the  above  change  in  PHI2  must  be  negative.  The 
program  accomplishes  this  task  in  the  following  manner: 

1.  The  two  possible  transition  angles  PI  IIST1  and  PHIST2  of  pinion  no. 

3  are  computed  according  to  equation  F-59. 

2.  Subroutine  TRANS2.  which  is  valid  for  meshes  in  which  the  driving 
gear  has  CW  rotation,  is  called  and  the  gear  no.  2  transition  angle  PHI2T1,  which  is 
associated  with  the  pinion  transition  angle  PHIST1 ,  Is  computed  according  to  equations 
F-63  and  F-64. 

3.  The  gear  no.  2  angle  PHI2T1  is  made  slightly  smaller  to  become 
PHINEX,  and  equation  F-48  (for  round-on-flat  contact)  is  used  to  find  the  associated 
escape  wheel  pinion  angles  PSNEX1  and  PSNEX2.  The  subroutine  must  now  select 
the  one  of  the  two  which  is  closest  to  the  pinion  transition  angle  PHIST 1 .  Subsequently, 
the  associated  value  of  G21  =  g^,  is  determined  according  to  equation  F-52. 

4.  After  control  is  returned  to  the  main  program,  the  value  of  G21  is 
compared  to  that  of  the  transition  magnitude  FP2.  Assuming  that  G21  is  smaller  than 
FP2,  the  transition  angles  PHI2T1  and  PHIST1  govern. 
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5.  If  this  is  not  the  case,  steps  2  and  3  are  repeated  for  PHIST2,  the 
second  possible  transition  angle  of  the  escape  wheel  pinion.  This  results  in  the  deter¬ 
mination  of  PH12T2  and  G22. 

6.  Again,  control  is  returned  to  the  main  program  and  G22  is  now  com¬ 
pared  with  FP2.  If  it  is  smaller  than  FP2,  the  transition  angles  PHI2T2  and  PHIST2 
govern.  If  the  test  is  failed,  the  program  is  terminated  with  the  message:  "SOMETHING 
IS  WRONG  WITH  MESH  2." 

Determination  of  Correct  Sign  for  Forward  Round-on-Fiat  Regime  of 
Mesh  No.  2 

The  sign  preceding  the  square  root  in  equation  F-48  (app  F),  for  ^he  forward 
round-on-flat  contact  mode  of  mesh  no.  2,  is  determined  with  the  help  of  the  gear  no.  2 
transition  angle  PHI2T.  Both  possible  angles  PHISF1  and  PHISF2  of  pinion  3  are  first 
computed.  The  sign  employed  In  the  determination  of  the  angle  which  deviates  least 
from  the  pinion  transition  angle  PHIST  is  then  assigned  to  the  signum  function  SIGN2F. 
This  parameter  is  subsequently  used  whenever  there  is  need  for  equation  F-48  (app  F). 

Latest  and  Earliest  Possible  Values  of  PHI2  and  PHIS  of  Mesh  2 

The  latest  and  earliest  values  of  the  gear  and  pinion  angles  PHI2  AND  PHIS, 
respectively,  are  found  by  continuously  evaluating  the  forward  round-on-flat  regime 
equation  F-48  (app  F)  with  SIGN2F  and  simultaneously  checking  the  contact  condition 
for  the  subsequent  set  of  teeth,  as  given  by  equation  F-65  (app  F).  This  loop  is  initiated 
at  the  transition  angle  PHI2T  and  it  is  terminated  when  the  condition  of  equation  F-65 
(app  F)  Is  met.  (Note  that  the  Increments  of  angle  PHI2  are  negative,  since  gear  no.  2 
advances  in  the  clockwise  direction.)  The  latter  furnished  PHI2F,  the  latest  possible 
contact  angle  of  the  gear,  as  well  as  PHISFF,  the  latest  possible  contact  angle  of  pinion 
no.  3.  Again,  these  are  the  angles  at  which  contact  is  transferred  to  the  subsequent 
gear  mesh.  To  obtain  the  earliest  possible  (initial)  contact  angles  PHI2I  of  the  gear  no. 
2  and  PHISI  of  pinion  no.  3,  the  appropriate  tooth  spacing  angles  are  again  added  or 
subtracted,  as  needed,  from  the  final  contact  angles.  The  initial  angle  PHI2I  of  gear  no. 
2  Is  obtained  by  adding  the  tooth  spacing  angle  DPHI2  to  the  final  angle  PHI2F.  (The 
gear  rotates  clockwise  and  the  subsequent  tooth  centerline  is  at  a  larger  angle  with 
respect  to  the  reference  axis  than  the  preceding  one.)  By  subtracting  the  pinion  tooth 
spacing  angle  DPHIS  from  the  final  angle  PHISFF,  the  initial  pinion  no.  3  contact  angle 
PHISI  results.  (The  pinion  rotates  ccw  and  the  subsequent  tooth  centerline  is  at  a 
smaller  angle  with  respect  to  the  reference  axis  than  the  preceding  one.) 
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Determination  of  Correct  Sign  for  Forward  Round-on-Round  Regime  of 
Mesh  No.  2 

The  sign  preceding  the  square  root  in  equation  F-34  (app  F),  for  the  fonArard 
round-on-round  contact  mode  of  mesh  no.  2,  is  determined  with  the  help  of  the  initial 
angle  PHI2I.  Both  possible  pinion  no.  3  angles  PHISR1  and  PHISR2  are  first  obtained. 
Subsequently,  the  sign  used  in  the  determination  of  the  angle  which  deviates  least  from 
the  initial  pinion  no.  3  angle  PHISI  is  assigned  to  the  signum  function  SIGN2R. 

Reverse  Kinematics  of  Mesh  No.  2 

Determination  of  Correct  Sign  for  Reverse  Round-on-Round  Regime  of 
Mesh  No.  2.  The  sign  preceding  the  square  root  in  equation  F-113  (app  F),  which 
allows  the  determination  of  the  gear  no.  2  angle  for  a  given  angle  of  pinion  no.  3  during 
reverse  round-on-round  contact,  is  found  with  the  help  of  the  initial  pinion  angle  PHISI. 
Both  possible  angles  PHI2RI  and  PHI2R2  of  gear  no.  2  are  first  computed.  Sub¬ 
sequently,  the  sign  used  in  the  determination  of  that  angle,  which  deviates  least  from 
the  associated  initial  gear  angle  PHI1 1,  is  assigned  to  the  signum  function  RSGN2R. 

Determination  of  Correct  Sign  for  Reverse  Round-on-Flat  Regime  of 
Mesh  No.  2.  The  sign  preceding  the  square  root  in  equation  F-131  (app  F),  which  is 
used  to  determine  the  angle  of  gear  no.  2  for  a  given  angle  of  pinion  no.  3  during 
reverse  round-on-flat  contact,  is  found  with  the  help  of  PHISFF,  the  final  contact  angle 
of  pinion  no.  3.  Both  possible  angles  PHI2F1  and  PHI2F2  of  gear  no.  2  are  first  ob¬ 
tained.  Subsequently,  the  sign  used  in  the  computation  of  that  gear  angle  which 
deviates  least  from  the  final  gear  no.  2  angle  PHI2F,  is  assigned  to  the  signum  function 
RSGN2F. 

Data  for  Runge-Kutta 

The  program  made  use  of  the  existing  fourth  order  Runge-Kutta  routine  RKGS  for 
the  solution  of  all  differential  equationsV 

The  initial  statements  make  it  possible  to  start  the  mechanism  simulation  with  both 
gear  meshes  at  arbitrary  positions  between  their  earliest  and  latest  contact  angles.  To 
this  end,  the  proportionality  factors  J1  and  J2,  which  may  be  set  from  zero  to  unity,  are 
introduced  to  obtain  the  pinion  starting  angles  PHI2P  and  PHIS  of  meshes  no.  1  and  no. 
2,  respectively. 


^BM  System/360  Scientific  Subroutine  Package  (360A-CM-OX3),  Version  III. 
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To  devise  an  appropriate  expression  for  mesh  no.  1,  consider  that  pinion  no.  2 
always  turns  clockwise  as  the  rotor  advances.  Because  of  this  fact,  the  pinion  angle 
PH2PFF,  which  is  associated  with  the  latest  possible  mesh  contact,  is  always  more 
negative  (minus  five  degrees  is  more  negative  than  minus  one  degree)  than  PH1PI,  the 
pinion  angle  associated  with  the  earliest  possible  contact.  Similarly,  all  possible  starting 
angles  of  pinion  no.  2  must  either  be  equal  to  or  more  negative  than  PH2PI.  With  this 
reasoning,  the  difference  between  the  latest  and  earliest  possible  contact  angles  of 
pinion  no.  2,  i.e., 

DIFF1  =  PH2PFF  -  PH2PI  (1) 

will  always  be  negative,  regardless  of  the  signs  of  the  two  angles.  Further,  together  with 
J1 ,  any  arbitrary  starting  angle  of  pinion  no.  2  will  be  correctly  described  by 

PH1 2P  =  J1  *  DIFF1  +  PH2PI  (2) 

The  expression  for  the  starting  angle  PHIS  of  mesh  2  is  based  on  the  fact  that  the 
escape  wheel  pinion  no.  3  always  turns  in  the  ccw  direction.  Therefore,  any  pinion 
angle,  associated  with  contact  after  the  earliest  contact  angle  PHISI,  will  be  larger  (more 
positive)  than  PHISI.  With  this  reasoning,  the  difference  between  the  latest  and  earliest 
possible  contact  angles,  i.e., 

DIFF2  =  PHISFF  -  PHISI  (3) 

will  always  be  positive,  regardless  of  the  signs  of  the  two  angles.  Then,  together  with 
J2,  the  arbitrary  starting  angle  of  pinion  no.  3  will  be  correctly  given  by: 

PHIS  =  J2  *  DIFF2  +  PHISI  (4) 

The  starting  conditions  for  coupled  motion  are  as  follows: 

1 .  The  initial  angle  PHID  of  the  escape  wheel,  i.e.,  the  Runge-Kutta  variable 
PHI(1 ),  equals  139  degrees  (read  in  as  part  of  data). 

2.  The  initial  angular  velocity  of  the  escape  wheel,  i.e.,  the  Rung-Kutta 
variable  PHi(2),  equals  zero. 

3.  The  verge  angle  ALPHA  =  a  equals  ALPHEN  =  (Xen,  for  entrance,  in 
distinction  from  the  exit  verge  angle  ALPHEX  =  (ref  5). 
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Coupled  Motion 

With  the  four  possible  gear  contact  modes,  the  coefficients  of  the  governing 
differential  equations  of  coupled  motion  must  change  accordingly.  The  general  form  of 
this  expression  is  given  by 

W^<|)  +  +  Wgtl)  =  +  W5(0^sin  y  -  OyCOsy)  +  Wg{K^sinp  -  K^cosp)  (5) 

where  <l)(t)  represents  the  escape  wheel  angle  PHI(1 ). 

The  applicable  subscripts  of  the  A’s  which  correspond  to  the  W/s  as  well  as 

the  equation  numbers  of  the  associated  differential  equations  for  the  four  gear  contact 
mode  are  given  in  table  2. 

The  difference  between  entrance  and  exit  coupled  motion  is  expressed  by  the 
value  of  the  signum  function  s^.  This  becomes  crucial  for  the  computations  of  the 

factors  A^g,  A^^,  Agg,  and  Ag,". 


Table  2.  Coefficients  of  equation  5  for  the  coupled  motion  differential 
equations  of  the  four  gear  train  contact  modes 


Gear  train  contact  mode 

RR 

FF 

RF 

FR 

Governing  differential  equation 

D-949 

D-974 

D-997 

D-1020 

W, 

Ai05 

A, 20 

A134 

Ai48 

w. 

^106 

*12. 

Ai35 

Ai49 

W3 

A, 07 

*122 

Ai36 

Ai50 

W4 

^108 

*123 

Ai37 

Ai5i 

Wg 

^109 

*124 

Ai38 

Ai52 

We 

Alio 

*125 

Ai39 

Ai53 

^The  program  uses  the  symbol  AA1 ,  etc.,  throughout.  This  should  not  be  confused  with 
the  symbols  AA^g  to  AA^^,  which  are  first  used  in  the  combined  exit  coupled  motion 
differential  equation  D-372  (app  D). 
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To  solve  the  applicable  form  of  equation  5,  the  program  calls  on  the  Runge- 
Kutta  subroutine  FCT.  The  principal  purpose  of  this  subroutine  is  to  present  the  rele¬ 
vant  form  of  a  second  order  differential  equation  in  terms  of  two  first  order  ones  to 
RKGS.  Subroutine  OUTP  is  responsible  for  preparing  the  results  of  various  comput¬ 
ations  for  printing. 

The  individual  forms  of  equation  5  are  chosen  with  the  help  of  the  following 
control  criteria  shown  in  table  3. 


Table  3.  Control  criteria 

RR  gear  train  contact  mode 

PHI2  >  PHI2T 
PHI1  <PHI1T 

FF  gear  train  contact  mode 

PHI1  <  PHI2T 
PHI1  >PHI1T 

RF  gear  train  contact  mode 

PHI2  >  PHI2T 
PHI1  >PHI1T 

FR  gear  train  contact  mode 

PHI2  <  PHI2T  Mesh  no.  2 

PHI1  <  PHUT  Mesh  no.  1 

Before  discussing  the  details  of  subroutine  FCT  and  subroutine  OUTP,  it  is 
necessary  to  point  out  the  manner  in  which  each  step  of  the  integration,  relates  to  the 
increase  in  the  escape  wheel  pinion  angle  PHIS,  as  well  as  to  the  determination  of 
cumulative  escape  wheel  angle  PHITOT.  (Since  the  escape  wheel  angle  varies  be¬ 
tween  approximately  134  and  144  degrees  during  entrance  coupled  motion,  and  be¬ 
tween  approximately  209  and  216  degrees  during  exit  coupled  motion,  PHITOT  can 
only  be  obtained  by  continuously  adding  the  increment  in  PHI(1)  due  to  each  cycle  of 
computation.)  The  procedure  of  obtaining  the  angle  y  of  the  rotor  center  of  mass  will  be 
shown  in  connection  with  the  description  of  subroutine  GKINEM.  The  verge  center  of 
mass  angle  p  is  given  in  FCT  with  the  help  of  subroutine  KINEM. 


Mesh  no.  2 
Mesh  no.  1 


Mesh  no.  2 
Mesh  no.  1 


Mesh  no.  2 
Mesh  no.  1 
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Subroutine  OUTP  starts  with  the  definition  of  the  increment  DELPHI  of  the 
escape  wheel  angle  PH  1(1 ); 

DELPHI  =  PHID  -  PHIPR  (6) 


where 

PHID  =  the  current  value  of  PHI(1),  as  obtained  after  each  round  of  integration 

PHIPR  =  the  value  of  PHI(1)  obtained  in  the  previous  integration,  or  from  the  initial 
condition  of  this  angle 

Once  DELPHI  is  determined,  the  cumulative  escape  wheel  angle  PHITOT 
can  be  incremented  by  this  amount.  Since  the  incremental  rotation  of  pinion  no.  3  must 
be  identical  to  that  of  the  escape  wheel,  the  increment  DDPHIS  of  PHIS  is  equal  to 
DELPHI,  and  the  cumulative  pinion  angle  is  obtained  by 

PHIS  =  PHIS  +  DDPHIS  (7) 

It  is  to  be  noted  that,  for  computing  all  Initial  quantities,  such  as  contact  forces,  at  T  =  0, 
as  well  as  for  setting  up  the  various  values  for  the  first  round  of  integration,  both 
DELPHI  and  DDPHIS  are  zero,  since  PHI(1)  and  PHIPR  have  the  same  value  of  the 
starting  escape  wheel  angle. 

As  a  consequence  of  the  first  and  all  subsequent  integrations,  DELPHI  will 
always  be  a  positive  quantity. 

Subroutine  FCT.  The  computations  for  all  the  parameters,  associated  with 
the  various  forms  of  the  coupled  motion  differential  equation  are  made  in  FCT  in  terms 
of  the  current  values  of  the  escape  wheel  variables  PHI(1)  and  PHI{2),  as  well  as  the 
escape  wheel  pinion  angle  PHIS.  To  accomplish  some  of  this,  FCT  calls  on  other 
subroutines  as  needed.  The  following  outlines  all  computations  in  FCT  in  a  sequential 
manner: 


1.  Subroutine  KINEM  is  called  to  compute  the  current  values  of  the 
escapement  variables  PSI  =  y,  G  =  g,  DPSI  =  y  and  VST  =  In  addition,  the  mo¬ 
ment  arms  AONE  =  A^  '  to  DONE  =  D,'  are  obtained  (ref  5).  The  above  makes  it  possi¬ 
ble  to  determine  angle  BETA  =  p  in  FCT. 

2.  Subroutine  AFIVE  is  called. 

a.  Subroutine  ACCEL  is  called  for  the  determination  of  the  absolute 
accelerations  of  the  pivot  points  of  the  individual  train  components. 
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b.  Subroutine  GKINEM  is  called.  It  deals  with  the  determination  of 
the  reverse  kinematics  of  meshes  no.  1  and  2,  as  defined  in  appendixes  F-lll  and  F-IV, 
respectively.  Starting  with  mesh  no.  2,  which  now  has  the  angle  PHIS  =  the  angular 

velocity  PHI(2)  =  0  and  the  angular  acceleration  <|)  of  the  escape  wheel  pinion  as  the 
inputs,  the  following  output  related  variables  are  determined: 

Round-on-round  contact 

PHI2  = 

LAMDA2  =  Xj 

DER2R 
PHDOT2  = 

VST2R  =  Vs2/T2R 

X7,  X8,  X9.  Y5.  Y6  used  to 
determine  $2g 

Round-on-flat  contact 

PH  12  =  <()2g 

DER2F 
PHDOT2  = 

\/ST2F  =  V 

voiiir  -  Vg2/T2F 

XI 0,  X11,X12,  Y7,  Y8  used  to 
determine 

Subsequently,  parallel  values  are  determined  for  mesh  no.  1 .  Now  PHI2  and  PHDOT2, 
as  well  as  $2g-  pinion  no.  2  are  the  inputs,  while  PHI1  =  d)^,  PHDOT1  =  and  of 

gear  1  are  the  outputs.  The  Incremental  angle  DDPHI1  and  the  total  angle  PHI1TOT, 
both  of  gear  no.  1 ,  are  defined.  This  allows  the  determination  of  the  angle  GAM  =  y. 

c.  The  signum  functions  S4,  S5,  and  S7  are  computed. 

d.  Subroutine  AWON  is  called  for  the  computation  of  AA1  to  AA23. 

e.  Subroutine  CWON  is  called  for  computation  of  CC1  to  CC20. 

f.  Subroutine  ATWO  is  called  for  the  computation  of  AA24  to  AA42. 

g.  Subroutine  CTWO  is  called  for  the  computation  of  CC21  to  CC36. 

h.  Subroutine  ATHREE  is  called  for  the  computation  of  AA43  to  AA71 . 


(eq  F-122) 

(eq  F-52) 

(eq  F-127) 

(eq  F-126) 

(eq  F-58) 

(eq  F-132  to  F-136) 


(eq  F-104) 

(eq  F-38  and  F-39) 
(eq  F-109) 

(eq  F-108) 

(eq  F-47) 

(eq  F-114to  F-118) 


i.  Subroutine  CTHREE  is  called  for  the  computation  of  CC37  to  CC56. 

j.  Subroutine  AFOUR  Is  called  for  the  computation  of  AA72  to  AA93. 

k.  Subroutine  CFOUR  is  called  for  the  computation  of  CC57  to  CC72. 

l.  The  parameters  AA94  to  AA1 32  are  computed. 

3.  Subroutine  ASIX  is  called  by  FCT.  ASIX  calls  sequentially  on  sub¬ 
routines  ACCEL,  GKINEM,  and  again  computes  S4,  S5,  and  S7.  Subsequently,  it  calls 
also  on  AWON,  CWON,  ATWO,  CTWO,  ATHREE,  CTHREE,  AFOUR,  and  CFOUR. 
The  above  are  necessary  for  the  further  computation  of  AA1 33  to  AA1 77. 

4.  Control  is  returned  to  FCT,  p-  !  depending  on  the  gear  contact  mode, 
the  appropriate  differential  equation  is  chosen  in  the  manner  of  tables  2  and  3. 

5.  The  applicable  second  order  coupled  motion  differential  equation  is 
now  presented  in  terms  of  the  following  two  first  order  ones  for  subsequent  numerical 
solutions: 

DPHI(1)  =  PHI(2)  :(4)  (8) 

DPHI(2)  =  1/Wr(-W2*PHI{2r2  -  W3*PHI{2)  +  W4 

+  W5*(OX*SG  -  OY*CG)  +  W6*(KX*SB  -  KY*CB))  :  (4)  (9) 

Note  that  because  many  of  the  CC  and  AA  parameters  are  independent  of  gear  tooth 
geometry  and  thus  do  not  change  with  tooth  contact  mode,  the  extra  identifiers  R  or  F 
used  in  the  subscripts  of  the  various  derivations  have  been  omitted  in  Program 
AERCLOC. 

Subroutine  OUTP.  Subroutine  OUTP  prepares  the  step  by  step  solution 
values  of  PHI(1),  PHI(2),  PSI  (verge  angle),  DPSI  (verge  angular  velocity),  G  (contact 
length  on  verge),  PHITOT,  as  well  as  all  contact  forces  for  printing.  Further,  it  deter¬ 
mines  the  maximum  values  of  these  contact  forces  during  one  arming  cycle.  Finally,  it 
performs  a  test  for  continued  coupled  motion  by  making  sure  that  G  is  larger  than  zero 
for  entrance  coupled  motion  and  negative  for  exit  coupled  motion  (ref  5).  In  addition  the 
contact  force  P  must  not  vanish. 

n 

This  is  accomplished  in  the  following  sequence: 

1.  PHITOT  and  PHIS  are  incremented. 

2.  Subroutine  KINEM  is  called. 
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3.  Subroutine  AFIVE  is  called. 

4.  Subroutine  ASIX  is  called. 

5.  The  appropriate  contact  forces  are  computed. 

6.  Output  is  printed. 

7.  Tests  for  continued  coupled  motion  are  performed. 

Free  Motion 

The  differential  equations  of  free  motion,  i.e.,  that  of  the  verge,  as  given  by  equa¬ 
tion  D-1038  (app  D)  and  those  for  the  four  gear  contact  modes  of  the  escape  wheel  - 
gear  train  -  rotor  system  are  again  solved  by  way  of  a  Runge-Kutta  routine. 

To  account  for  the  gear  contact  modes,  the  latter  takes  the  following  general  form: 

Z,$  +  =  0  ,  (10) 

where  <|)(t)  again  represents  the  escape  wheel  angle. 

The  applicable  subscripts  of  the  A.’s  which  correspond  to  Z^’s  as  well  as  the  equa¬ 
tion  numbers  of  the  associated  differential  equations  are  given  in  table  4. 


Table  4.  Coefficient  of  equation  10  for  the  free  motion  differential 
equations  of  the  escape  wheel  -  gear  train  -  rotor  system 


Gear  train  contact  mode 

RR 

FF 

RF 

FR 

Governing  differential  equation 

D-1040 

D-1048 

D-1056 

D-1064 

A,,,., 

162 

^166 

^170 

^174 

^163 

Ai67 

^171 

^175 

Z3 

^164 

^168 

^172 

Ai76 

Z4 

^165 

^169 

^173 

A, 77 
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The  individual  forms  of  equation  10  are  again  chosen  with  the  help  of  the  control 
criteria  given  earlier  in  table  2.  To  solve  the  applicable  set  of  differential  equations,  i.e., 
equation  D-1038  (app  D)  and  equation  10,  the  program  calls  on  the  Runge-Kutta  sub¬ 
routine  FCTF.  This  routine  presents  the  relevant  forms  of  the  two  second  order  differ¬ 
ential  equations  in  terms  of  four  first  order  ones  to  RKGS.  Subroutine  OUTPF  is  re¬ 
sponsible  for  preparing  the  results  of  the  various  computations  for  printing.  The  cumu¬ 
lative  escape  wheel  angle  PHITOT  is  computed  in  a  manner  similar  to  that  described 
earlier  for  coupled  motion. 

Subroutine  FCTF 

The  computations  for  all  the  parameters,  associated  both  with  the  independ¬ 
ently  moving  verge  and  the  escape  wheel  -  gear  train  -  rotor  system,  are  made  in  terms 
of  the  current  values  of  the  verge  variables  ly  and  as  well  as  the  escape  wheel  vari¬ 
ables  <j)  and  To  accomplish  this,  FCTF,  like  FCT  before,  calls  on  other  subroutines 
as  needed. 

The  following  outlines  all  computations  in  FCTF  in  a  sequential  manner: 

1 .  Subroutine  AFIVE  is  called. 

a.  Subroutine  ACCEL  is  called  for  the  determination  of  the  absolute 
accelerations  of  the  pivot  points  of  the  individual  train  components. 

b.  Subroutine  GKINEM  is  called  to  evaluate,  in  the  same  manner  as 
for  coupled  motion,  all  variables  associated  with  the  reverse  kinematics  of  meshes  1 
and  2.  Thus,  with  the  escape  wheel  position,  velocity  and  acceleration  known,  the 
same  type  of  kinematic  values  are  determined  for  gear  and  pinion  no.  2  as  well  as  the 
rotor. 

Subsequently,  steps  2c  and  21,  3,  and  4  of  FCT  are  performed,  as  applicable. 
(While  the  control  criteria  of  table  3  remain,  the  coefficients  of  table  4  are  used  for 
obtaining  the  appropriate  expressions  for  equation  10.) 

To  obtain  the  magnitude  of  the  variables  ^  and  xy,  as  well  as  their  derivatives  at 
identical  times,  the  two  independent  second  order  differential  equations  are  transformed 

into  four  simultaneous  first  order  ones.^  (While  actually  only  the  two  first  order  equa¬ 
tions,  associated  with  each  of  the  two  variables  are  coupled,  the  routine  treats  all  four 
as  If  they  were  coupled  and,  therefore,  produces  solutions  for  identical  time 
increments.) 


^Note  that  whenever  Ip^  ^  0,  the  simulation  terminates. 
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These  four  expressions  have  the  following  form  in  FCTF: 


DX(1)  =  X(2)  :(4)  OV 

DX(3}  =  X(4)  ;(=v)  (12) 

DX{2)  =  1/2, ‘(-Z^  *  X(2)“2  *  Z3  *  X(2)  -  Z,)  :  (4)  (13) 

DX(4)  =  •  I-A3,  •  X(4)"2  -  A3,  •  X(4)  -  A„3  +  m„  • 

•  (K.  •  SB  -  K  •  CB)J :  (=i|/)  ('“•) 


The  note  at  the  end  of  subroutine  FCT  also  holds  for  subroutine  FCTF. 

Subroutine  OUTPF 

Subroutine  OUTPF  prepares  the  step  by  step  solution  values  of  PHI(1),  the 
escape  wheel  angle.  PHI(2),  the  escape  wheel  velocity,  PSI  (verge  angle),  DPSI  (verge 
velocity),  and  PHITOT,  as  well  as  the  gear  contact  forces  for  printing.  Further,  it  deter¬ 
mines  the  maximum  values  of  these  contact  forces.  Finally,  it  performs  a  test  for  contin¬ 
ued  free  motion  by  computing  the  normal  and  tangential  distances  F  and  GP,  respec¬ 
tively,  of  the  tip  of  the  escape  wheel  from  the  working  surface  of  the  verge.  The  signs  of 
these  parameters  are  different  for  entrance  and  exit  free  motion  (ref  5). 

This  is  accomplished  in  the  following  sequence: 

1.  PHITOT  and  PHIS  are  incremented. 

2.  Subroutine  AFIVE  is  called. 

3.  Subroutine  ASIX  is  called. 

4.  The  gear  contact  forces  associated  with  free  motion  are  computed. 

5.  Output  is  printed. 

6.  Tests  for  continued  free  motion  are  performed. 

Impact 

Subroutine  IMPACT  uses  the  pre-impact  values  and  xy,  of  the  angular  velocities 
and  computes  their  post-impact  values  and  xj/,  according  to  equations  D-1071  and 
D-1072,  respectively. 
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The  value  of  the  total  moment  of  inertia  ISTOT  of  the  combined  escape  wheel  - 
gear  train  -  rotor  system,  as  referred  to  the  escape  wheel  axis,  depends  on  the  gear 
train  contact  mode  and  is  chosen  with  the  help  of  the  control  criteria  of  table  3.  (See 
also  equations  D-1073  to  D-1076.) 

Reversal  of  Gear  Train  Motion  Due  to  Impact 

If  the  impact  torque  on  the  escape  wheel  is  sufficiently  large,  the  motion  of  the 
gear  train  may  be  temporarily  reversed;  i.e.,  the  escape  wheel  angular  velocity  ^  may 
become  negative.  This  would  cause  the  friction  forces  between  the  gear  teeth  and  at 
the  various  gear  pivots  to  be  reversed  in  direction.  (The  normal  forces  between  the 
gear  teeth  remain  unaffected,  and  the  normal  bearing  forces  are  obtained  in  the  usual 
manner.)  This  change  in  the  direction  of  the  friction  forces  is  expressed  for  both  cou¬ 
pled  and  free  motion  by  letting  the  coefficient  of  friction  p  of  all  gear  train  components 
become  negative  (app  E  or  ref  3).  This  is  accomplished  in  subroutines  AFIVE  and  ASIX 
by  the  following  use  of  the  signum  function; 

MU  =  ABS{MU)*<j)/|<i)|  (15) 

(The  coefficient  of  friction  associated  with  the  escapement  interface  and  the  pallet  pivot 
is  called  and  is  read  into  the  programs  as  MU1.)  Any  motion  reversal  at  these  sur¬ 
faces  is  accounted  for  by  the  signum  functions  s^  and  Sg,  respectively. 

Termination  of  Computations 

Computations  are  terminated  whenever  the  geared  motion  of  the  rotor  ends.  This 
corresponds  to  <|)  =  PHICUTD.  The  duration  of  the  subsequent  unretarded  motion  of  the 
rotor  is  assumed  to  be  negligible. 


COMPUTER  SIMULATION  OF  EXAMPLE  MECHANISM 

The  simulated  mechanism  is  that  of  the  S&A  device  of  the  M577  fuze.  It  has 
configuration  2  (fig.  2)  and  is  attached  to  the  underside  of  the  mechanism  plane  as 
shown  by  figures  D-1  (app  D)  and  G-1  (app  G). 

The  clock-type  gear  and  pinion  parameters  were  obtained  with  the  help  of  the 
clock  gear  formulae  given  in  references  1  and  2.  (See  subroutines  GEAR  and  PINION, 
respectively,  in  program  AERCLOC.) 

Computer  program  AERCLOC  was  run  with  a  basic  spin  velocity  of  30,000  rpm  to 
obtain  maximum  contact  forces.  It  used  the  projectile  kinematics  derived  in  appendix  B 
(ref  6),  which  expresses  both  precession  and  nutation  as  predetermined  percentages  of 
spin. 
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The  following  shows  the  input  requirements  of  the  program,  explains  the  various 
output  data,  and  discusses  the  manner  in  which  the  number-of-turns-to-arm  is  obtained 
for  a  given  spin  velocity. 

Input  Data 

The  first  portion  of  the  output  repeats  all  Input  data,  which  represent  the  mecha¬ 
nism  parameters  of  the  M577  S&A.  These  are  listed  both  as  computer  variables  and  a 
symbols,  according  to  the  various  appendixes  of  this  report  as  well  as  of  references  1 , 
2,  5,  and  6. 

Escapement  Parameters 

A  =  a  =  0.226  in.  =  distance  between  pivots  0„  and  (fig.  2) 

B  =  b  =  0.1685  in.  =  escape  wheel  radius 

C  =  c  =  0.132  in.  =  pallet  radius  as  defined  by  figure  F-1  of  appendix  F,  reference 
5 


ALPHEN  =  =  44.0056  deg  =  entrance  working  surface  angle 

ALPHEX  =  =  28.8277  deg  =  exit  working  surface  angle 

NT  =  4  =  number  of  escape  wheel  teeth  spanned  by  verge 

CONFIG  =  2  =  configuration  no.  2  (fuze  body  configuration  no.  2  in  ref  5,  app  B) 

EREST  =  e^  =  0  =  coefficient  of  restitution 

LAMBDA  =  =  91 .9887  deg  =  angle  between  entrance  and  exit  pallet  radii  (ref  5, 
app  F,  fig.  F-1) 

N  =  22  =  number  of  escape  wheel  teeth 

For  details  of  the  above  nomenclature,  see  reference  5,  appendixes  C,  E,  and  F. 
Clock  Gear  and  Pinion  Parameters 

NGI  =  41  =  number  of  teeth  of  total  pitch  circle  of  rotor  gear  no.  1 
NG2  =  29  =  number  of  teeth  of  gear  no.  2 
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NP2  =  6  =  number  of  teeth  of  pinion  no.  2 

NP3  =  6  =  number  of  teeth  of  escape  wheel  pinion 

CAPRP1  =  Rp^  =  0.46585  in.  =  pitch  radius  of  rotor  gear  no.  1 

CAPRP2  =  Rp2  =  0.22835  in.  =  pitch  radius  of  gear  no.  2 

RP2  =  rp2  =  0.06815  in.  =  pitch  radius  of  pinion  no.  2 

RP3  =  r^g  =  0.04725  in.  =  pitch  radius  of  escape  wheel  pinion 

CAPR01  =  Rjj,  =  0.4956  in.  =  outside  radius  of  rotor  gear  no.  1 

CAPR02  =  R^2  =  0.2486  in.  =  outside  radius  of  gear  no.  2 

R02  =  r^2  =  0.08575  in.  =  outside  radius  of  pinion  no.  2 

R03  =  r^3  =  0.0595  in.  =  outside  radius  of  escape  wheel  pinion 

RHOG1  =  Pq,  =  0.044  in.  =  radius  of  circular  arc  on  tooth  of  rotor  gear  no.  1 

RHOG2  =  pQ2  =  0.030  in.  =  radius  of  circular  arc  on  tooth  of  gear  no.  2 

RHOP1  =  Pp^  =  0.01 76  in.  =  radius  of  circular  arc  on  tooth  of  pinion  no.  2 

RHOP2  =  Pp2  =  0.01 22  in.  =  radius  of  circular  arc  on  tooth  of  escape  wheel  pinion 

TCG1  =  tp^^  =  0.035  in.  =  circular  tooth  thickness  at  pitch  circle  of  rotor  tooth  of 
gear  no.  1 

TCG2  =  tpQ2  =  0  024  in.  =  circular  tooth  thickness  at  pitch  circle  of  tooth  of  gear  no. 

2 

R1  =  3?^  =  0.22539  in.  =  distance  of  rotor  pivot  from  spin  axis 

R2  =  3^2  =  0.408  in.  =  distance  of  pivot  of  gear  and  pinion  no.  2  from  spin  axis 
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R3  =  =  0.3685  in.  =  distance  of  pivot  of  escape  wheel  from  spin  axis 

R4  =  =  0.3881  in.  =  distance  of  pivot  of  pallet  from  spin  axis 

RH01  =  p,  =  0.0465  in.  =  pivot  radius  of  rotor 
RH02  =  Pg  =  0.0225  in.  =  pivot  radius  of  gear  and  pinion  no.  2 
RH03  =  P3  =  0.0165  in.  =  pivot  radius  of  escape  wheel 

RHOF1  =  pp^  =  0.054  in.  =  friction  thrust  radius  of  rotor  (for  computation  of  friction 
thrust  radius  see  p.  268  of  ref.  10) 

RHOF2  =  Pp2  =  0.027  in.  =  friction  thrust  radius  of  gear  and  pinion  no.  2 
RHOF3  =  pp3  =  0.020  in.  =  friction  thrust  radius  of  escape  wheel  and  pinion  no.  3 

RHOF  =  pp  =  0.018  In.  =  friction  thrust  radius  of  verge 

Mass  Parameters  of  Components 

4  2 

Ml  =  m^  =  0.3851  x  10  lb-sec  /in.  =  mass  of  rotor 

M2  =  m^  =  0.385  x  10^  Ib-sec^/in.  =  mass  of  gear  and  pinion  no.  2 

M3  =  mg  =  0.2592  x  10^  Ib-sec^/in.  =  mass  of  escape  wheel  and  pinion  no.  3 

MP  =  mp  =  0.2982  x  10  ^  Ib-sec^/in.  =  mass  of  pallet 
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IXX1  =  =  0.1748  X  10  ^  in.-(b-sec^  =  moment  of  inertia  of  rotor  with  respect  to 

an  axis  parallel  to  -axis  through  center  of  mass  (fig.  A-3),  but  located  in  midplane 

between  bearing  plates  (origin  at  pivot  axis'*) 

IEE1  =  1^^,  =  0.2324  X  10  ^  in. -lb-sec^  =  moment  of  inertia  of  rotor  with  respect  to 
an  axis  parallel  to  ri^-axis  through  center  of  mass,  but  located  in  midplane^ 

IZ21  =  1^^^  =  0.3462  X  10  ^  in. -lb-sec^  =  moment  of  inertia  of  rotor  with  respect  to 
pivot  axis  (i;^-axis'‘) 

IXE1  =  1^^^  =  -0.4256  X  10®  in.-lb-sec^  =  4, -hi  product  of  inertia  of  rotor  with 
respect  to  above  axes 

IZX1  =  1^^,  =  -0.3446  X  10®  in.-lb-sec^  =  product  of  inertia  or  rotor  with 
respect  to  above  axes 

IEZ1  =  1^^^  =  -0.0402  X  10®  in.-lb-sec^  =  TifCi  product  of  inertia  of  rotor  with 
respect  to  above  axes 

1X2  =  =  0.0426  X  10  ®  in. -lb-sec^  =  moment  of  inertia  of  gear  and  pinion  no.  2 

(about  axis  normal  to  pivot  axis  in  midplane) 

IY2  =  Iy2  =  0.0426  X  10  ®  in. -lb-sec^  =  moment  of  inertia  of  gear  and  pinion  no.  2 
(about  axis  normal  to  pivot  axis  and  perpendicular  to  x^-axis) 

IZ2  =  1^2  =  0.4031  x  10^  in.-lb-sec^  =  moment  of  inertia  of  gear  and  pinion  no.  2 
with  respect  to  pivot  axis 


^The  intersection  of  the  various  pivot  axes  and  the  aforementioned  midplane  furnishes 
the  origins  for  all  component  moment  equations.  (See  also  the  moment  arms  Ui  =  U 
below.) 


25 


IXS  =  =  0.3094  X  10  ^  in. -lb-sec^  =  moment  of  inertia  of  escape  wheel  and 

pinion  no.  3  (about  axis  normal  to  pivot  axis  in  midplane) 

lYS  =  I  ^  =  0.3094  X  10  ^  in. -lb-sec^  =  moment  of  inertia  of  escape  wheel  and 

yS 

pinion  no.  3  (about  axis  normal  to  pivot  axis  and  perpendicular  to  x^-axis) 

IZS  =  Izs  =  0.1639  X  10  ^  in. -lb-sec^  =  moment  of  inertia  of  escape  wheel  and  pinion 
no.  3  with  respect  to  pivot  axis 

IXXP  =  =  0.6286  X  10  ^  in.-lb-sec^  =  moment  in  inertia  of  pallet  with  respect  to 

an  axis  parallel  to  through  center  of  mass  (fig.  A-2),  but  located  in  midplane,  with 

origin  at  the  pivot  axis 

lEEP  =  l^^p  =  0.4827  X  10^  in. -lb-sec^  =  moment  of  inertia  of  pallet  with  respect  to 
an  axis  parallel  to  ii^-axis  through  center  of  mass,  but  located  in  midplane 

IZZP  =  =  0.7173  X  10'^  in.-lb-sec^  =  moment  of  inertia  of  pallet  with  respect  to 

above  pivot  axis  (Cp-axis) 

IXEP  =  l^j^p  =  0.2813  X  10  ^  in.-lb-sec^  =  product  of  inertia  of  pallet  with  respect  to 
above  axes 

lEZP  =  l^^p  =  0.0  =  product  of  inertia  of  pallet  with  respect  to  above  axes 

IZXP  =  Ij'^  =  0.0  =  product  of  inertia  of  pallet  with  respect  to  above  axes 

General  Parameters 

RC1  =  r^^  =  0.100  in.  =  distance  from  pivot  axis  of  rotor  to  its  center  of  mass 
RCP  =  r^p  =  0  =  distance  from  pivot  axis  of  verge  to  its  center  of  mass 

RHOP  =  Pp  =  0.0140  in.  =  pallet  pivot  radius 
RPM  =  30,000  =  spin  rate 
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PHI1RCD  =  =  -1 13.12  deg  =  rotor  angle  in  starting  position  (fig.  2) 

PSICCD  =  \j/^  =  0  deg  =  eccentricity  angle  of  pallet 

PHID  =  141  deg  =  escape  wheel  starting  angle  of  initial  entrance  coupled  motion 

PHICUTD  =  1595  deg  =  cumulative  escape  wheel  angle  obtained  from  product  of 
total  engaged  rotor  rotation  and  gear  ratio.  The  total  rotor  rotation  for  the  M577  fuze  is 
48.292  deg  while  the  nominal  gear  ratio  equals  41  x  29/36  =  33.03.  Thus,  PHICUTD  = 
48.292  X  33.03  =  1595  deg.  (With  5.5  circular  pitches,  the  rotor  rotation  becomes  5.5  x 
360/41  =  48  292  deg.  Recall  that  NG1  =  41 .) 

MU  =  p  =  0.10  =  coefficient  of  friction  of  gear  train  (pivots  and  tooth-to-tooth 
contacts)  and  escape  wheel  pivot  (constant  for  a  computer  run) 

MU1  =  =  0.10  =  coefficient  of  friction  of  pallet-escape  wheel  interface  and  pallet 

pivot  (constant  for  a  computer  run) 

LU  =  LL  =  Lu  =  Ll  =  0.1 77  =  distance  from  midplane  to  bearing  plate  half  thickness 

J1  =  =  0.95  =  initialization  parameter  for  mesh  no.  1 .  (The  zero  value  cor¬ 

responds  to  earliest  possible  contact  of  mesh  (ref  2).) 

J2  =  Jj  =  0.95  =  initialization  parameter  for  mesh  no.  2 

Projectile  Kinematics  and  Parameters 

The  projectile  kinematics  are  programmed  in  subroutine  AERO  according  to  the 
expressions  given  in  appendix  E  of  reference  6  with  the  following  parameters: 

KP  =  K  =100 

p 

THETIN  =  8  deg 

TV  =  T  =  2  deg 

var  ^ 


KN  =  K  =10 

n 


To  express  the  kinematics  of  the  aeroballistic  system  such  that  it  conforms  to  the  appli¬ 
cable  S&A  coordinate  system,  which  may  be  located  above  or  below  the  mechanism 
plane,  appendix  G  introduces  the  signum  function  Sg  (eqs  G-7  to  G-12  and  G-15). 
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Thus  for  the  present  case: 

S8  =  S3  =  -1 

The  drag  deceleration  is  given  by: 

DDZ  =  83(2) 

where  Z  =  386.4  x  10.  (The  latter  represents  a  deceleration  of  lOg,  but  is  given  as  an 
absolute  value.) 

Depending  on  whether  the  mechanism  is  located  on  top  or  below  the  mechanism 
plane,  the  coordinates  R  ,  R  ,  and  R,  of  the  geometric  center  C  of  the  mechanism  plane 

X  y  z 

with  respect  to  the  projectile  center  of  mass  Op^  must  also  be  expressed  with  the  help 
of  the  signum  function  Sg  (figs.  C-1  and  D-1). 


Thus  generally 


R  =  s_R 

ygen  8  y 


R  =  S-R 

zgen  8  z 


The  specific  value  used  are: 


RX  =  R^  =  0.001  in. 


RY  =  Ry  =  0.001  in. 


RZ  =  R^  =  20.0  in. 


Output  Data 

The  data  blocks  following  the  input  data  represent  the  results  of  various 
computations. 
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Fuze  Geometry  and  Contact  Angles  of  Both  Meshes 

The  angles  BETA1 D  =  p,  to  BETA3D  =  P3  and  GAMMA2D  =  to  GAMMA4D  = 
are  printed  for  checking  purposes.  In  addition,  the  following  earliest  possible,  transi¬ 
tion  and  latest  possible  contact  angles  are  given  for  both  meshes  (app  F): 

Mesh  No.  1 

PHI1TD  =  Transition  angle  of  rotor  no.  1 
PHI2PTD  =  Transition  angle  of  pinion  no.  2 
PHI1  ID  =  Earliest  possible  contact  angle  of  rotor  no.  1 
PH2PID  =  Earliest  possible  contact  angle  of  pinion  no.  2 
PHI1 FD  =  Latest  possible  contact  angle  of  rotor  no.  1 
PH2PFD  =  Latest  possible  contact  angle  of  pinion  no.  2 
Mesh  No.  2 

PHI2TD  =  Transition  angle  of  gear  no.  2 

PHISTD  =  Transition  angle  of  pinion  no.  3  (escape  wheel) 

PHI2ID  =  Earliest  possible  contact  angle  of  gear  no.  2 
PHISID  =  Earliest  possible  contact  angle  of  pinion  no.  3 
PHI2FD  =  Latest  possible  contact  angle  of  gear  no.  2 
PHISFD  =  Latest  possible  contact  angle  of  pinion  no.  3 
Coupled  Motion 

The  first  coupled  motion  output  refers  to  the  entrance  side  of  the  verge.  For  each 
time  T  of  the  coupled  motion,  the  following  variables  are  computed: 

PHI  =  <()  =  instantaneous  escape  wheel  angle  (deg) 

4 

PHIDOT  =  <t)  =  escape  wheel  angular  velocity  (rad/sec) 

G  =  g  =  pallet  -  escape  wheel  contact  position  (in.)  (ref  5,  app  C,  eq  C-15) 
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PSID  =  \)/  =  pallet  angle  (deg) 

PSIDOT  =  v  pallet  angular  velocity  (rad/sec) 

PHITOT  =  <t)y  =  cumulative  escape  wheel  angle  (deg) 

F23  =  F23  =  normal  contact  force  of  gear  no.  2  on  pinion  no.  3  (lb)  for  various 

mesh  contact  modes.  The  associated  additional  subscripts,  such  as  RR,  etc.,  are 
defined  in  table  1 . 

F12  =  F,2  =  normal  contact  force  of  gear  no.  1  on  pinion  no.  2  (lb),  for  various 
mesh  contact  modes  (table  1). 

PN  =  P^  =  normal  contact  force  between  escape  wheel  and  pallet  (lb),  com¬ 
puted  according  to  equations  D-969,  D-992,  D-1015,  and  D-1037,  depending  on  spe¬ 
cific  contact  mode,  which  can  be  determined  from  the  subscript  of  the  contact  forces  F,2 


PNPSI  =  Pn  =  normal  contact  force  between  escape  wheel  and  pallet  (lb), 

computed  according  to  equation  D-967  (app  D)  (serves  for  checking  and  requires  the 
computations  of  v  and  y). 

DDPHI  =  (|)  =  escape  wheel  angular  acceleration  (rad/sec^),  Runge-Kutta 

output 

Free  Motion 

The  first  free  motion  on  the  exit  side  follows  the  coupled  motion  on  the  entrance 
side  of  the  verge.  For  each  time  T  of  the  free  motion,  the  following  variables  are 
evaluated: 

PHI  =  (|)  =  instantaneous  escape  wheel  angle  (deg) 

PHIDOT  =  <>  =  escape  wheel  angular  velocity  (rad/sec) 

PSI  =  \|/  =  pallet  angle  (deg) 

PSIDOT  =  xy  =  pallet  angular  velocity  (rad/sec) 

PHITOT  =  (l>T  =  cumulative  escape  wheel  angle  (deg) 
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T12  =  =  normal  contact  force  of  gear  no.  1  on  pinion  no.  2  for  free  motion 

(lb)  (additional  subscripts  according  to  table  1 ) 

T23  =  Tgg  =  normal  contact  force  of  gear  no.  2  on  escape  wheel  pinion  for  free 
motion  (lb)  (additional  subscripts  according  to  table  1 ) 

F  =  f  =  contact  sensing  parameter  (ref  5,  app  E) 

GP  =  g'  =  second  contact  sensing  parameter  (ref  5,  app  E) 


Impact 

The  first  exit  impact  follows  the  first  exit  free  motion.  Just  preceding  the  IMPACT 
label,  the  program  prints  the  values  of  VP  =  \/^^.  and  VS  =  Vg^^,  which  stand  for  the 

pre-impact  velocity  components,  normal  to  the  verge  face  of  both  the  pallet  and  escape 
wheel  contact  points  (ref  5,  app  D,  eq  D-13).  Subsequent  to  the  IMPACT  label,  the 
referred  moment  of  inertia  ISTOT  is  computed  for  the  applicable  pre-impact  mode 
according  to  equations  D-1073  to  D-1076,  as  applicable.  After  that,  one  finds  the 
following  variables; 

PHI  =  <1)  =  instantaneous  escape  wheel  angle  (deg),  same  as  before  impact 
PHIDOT  =  0,  =  post-impact  escape  wheel  angular  velocity  (rad/sec)  (app  D.  eq 

D-1071) 


PSI  =  \|/  =  pallet  angle  (deg),  same  as  before  impact 

PSIDOT  =  xj/,  =  post-impact  pallet  angular  velocity  (rad/sec)  (app  D,  eq 

D-1072) 


PHITOT  =  <|).^  =  cumulative  escape  wheel  angle  (deg),  same  as  before  impact 

VP  =  V.^^,  =  post-impact  normal  velocity  component  of  pallet  at  contact  point 
(ref  5,  app  D,  eq  D-15) 

VS  =  Vg^,  =  post-impact  normal  velocity  component  of  escape  wheel  tooth  at 
contact  point  (ref  5,  app  D,  eq  D-13) 

In  the  present  program,  the  post-impact  VP  is  equal  to  VS  since  the  coefficient  of 
restitution  is  zero. 
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Number  of  Turns-to-Arm  and  Maximum  Contact  Forces 

The  number  of  tums-to-arm  at  30,000  rpm  is  obtained  with  the  help  of  that  time 
^1595  corresponds  to  the  escape  wheel  angle  PHICUTD  =  1595  deg.  Thus,  with 

^1595  =  009308  sec. 


number  of  turns-to-arm  =  x  0.09308  =  46.54  turns 


CONCLUSIONS 

While  it  was  not  the  purpose  of  this  investigation  to  undertake  a  parametric  study 
of  the  mechanism  for  which  the  program  was  written,  the  program  was  sufficiently 
tested  to  confirm  that  such  a  study  is  possible.  It  may  include  variations  in  masses  and 
moments  of  inertia  of  all  components;  variations  in  the  locations  of  the  centers  of  mass 
of  the  verge  and  the  rotor;  variations  of  clock  gear,  escapement  and  fuze  geometries  as 
well  as  various  friction  and  coefficient  of  restitution  conditions.  In  addition,  the 
aeroballistic  data  can  also  be  varied.  This  makes  it  possible  to  determine  the  function¬ 
ing  limits  of  the  mechanism  under  pathological  projectile  flight  conditions. 

The  present  work  reports  only  on  a  single  test  run  using  the  M577  fuze  data  with  a 
system  coefficient  of  friction  of  0.1.  This  Is  assumed  to  be  representative  of  actual  test 
conditions  since  previous  simulations  of  verge  escapements  showed  that  the  range  of 
actual  experimental  results  (with  spin  only)  may  be  reproduced  with  coefficients  of 
friction  between  0.1  and  0.2.  A  zero  coefficient  of  restitution  is  used  in  the  impact  model 
(ref  4  and  5). 

Previous  high-speed  motion  picture  observation  of  pin  pallet  escapements  showed 
that  the  impacts  were  essentially  inelastic  and  that  therefore  a  zero  coefficient  restitution 
was  justified. 

The  test  run  with  a  spin  rate  of  30,000  RPM  also  contained  small  precession  and 
nutation  velocities,  chosen  in  the  manner  shown  in  appendix  E. 

Finally,  it  is  to  be  noted  that  this  work  is  the  first  where  clock  gear  teeth  were 
incorporated  into  the  mathematical  model  of  an  S&A  mechanism.  To  this  end  both 
forward  and  reverse  kinematics  of  such  gear  trains  had  to  be  developed,  as  shown  in 
appendix  F. 
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APPENDIX  A 


KINEMATICS  OF  AEROBALLISTIC  SYSTEMS 
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ANGULAR  VELOCITIES  AND  ACCELERATIONS  IN  TERMS  OF 
PROJECTILE-FIXED  COORDINATES 


A  projectile  which  experiences  general  aeroballistic  motion,  i.e.,  spin  about  an 
axis  through  its  center  of  mass  as  well  as  precession  and  nutation  of  '.his  spin  axis,  is 
shown  in  figure  A-1 .  (Point  Orr  represents  the  origin  of  the  coordinate  system  in  this 
figure  and  the  spin  axis  coincides  with  the  geometric  one.) 

The  spin  angle,  spin  velocity,  and  spin  acceleration  are  expressed  by  the  time 
dependent  quantities  <t)g,  0^,  and  (The  subscript  E  stands  for  the  Euler  angles,  which 

are  involved  in  this  derivation.)  Similarly,  the  kinematic  quantities  associated  wiih  the 
precession  are  Vg,  Vg,  and  v|/g.  The  nutation  variables  are  6^,  6^,  and  6^  (refs  1  and  2). 

With  spin,  precession,  and  nutation  angular  velocity  vectors,  together  with  their 
associated  angles  (fig.  A-1),  orthogonal  angular  velocity  components  in  terms  of  the 
projectile  fixed  x-y-z  system  may  be  obtained  as  follows: 

Let 


Wb/a  =  (oj  +  (Oyj +  0) (A-1) 
where  (5^^^  represents  the  angular  velocity  of  the  projectile  b  with  respect  to  the  inertial 


frame  a  Then 

%  =  -®E  *i>E  'i^E  ®E  ^E  (^’3) 

(0^  =  +  Vg  cos  Og  (A-4) 

The  absolute  angular  acceleration  of  the  projectile,  i.e. 

“b/a  =  (A-5) 


is  obtained  by  differentiation  of  the  body  fixed  quantities  with  respect  to  time.  Thus 
(b^  =  0g  cos  <|)g  -  0g0g  sin  <j>g  +  ((/g  sin  0^  sin 

+  yg0g  cos  0g  sin  <|>g  +  sin  0^  cos  <|)g  (A-6) 
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Notet 


This  system  is  later  described 
with  capital  letters  X-Y-Z 


Figure  A-1 .  Projectile  fixed  x-y-z  system 


(A-7) 


(by  s  -Oe  sin  <|>E  -  0E<>E  cos  ^  +  ve  sin  Oe  cos 
+  ve6e  cos  0e  cos  0e  -  ve^e  sin  0e  sin  <j>E 


cbz  =  (>£  +  ve  cos  0e  -  ve6e  sin  0e 

Pallet-Fixed  Coordinates 


(A-8) 


The  relationship  of  the  pallet-fixed  4p  -  hp  *  Cp  system  with  respect  to  the  projectile 
fixed  X-Y-Z  and  x'-y'-z'  systems  is  shown  in  figure  A-2  (ref  1). 

The  -  hp  plane  is  parallel  to  the  x'-y'  and  X-Y  planes  and  contains  the  pallet 
center  of  mass  Cp.  The  Cp-axis  is  parallel  to  the  z  and  z'  axes. 


The  pallet  angles  y  and  are  measured 
defined  as  in  reference  1 .  Before  determining 
celeration  of  the  pallet,  a  number  of  unit  vectors 
tions  B-28  and  B-29  of  ref  2 

in  the  ^p  -  T|p  plane  and  are  otherwise 

the  absolute  angular  velocity  and  ac- 
should  be  defined.  According  to  equa- 

?  =  -cos  PgT  -  sin  PgJ 

{A-9) 

and 

1'  =  sin  Pgi  -  cos  pj 

(A-10) 

Further,  when  expressed  in  the  primed  system,  pallet  fixed  unit  vectors  become 

n^  =  cos  pT'  +  sin  Pj' 

(A-11) 

n_  =  -sin  pi'  +  cos  pj' 

**P 

(A-12) 

where 

P  =  V  +  ¥c 

(A-13) 

If  equations  A-9  and  A-10  are  substituted  into  the  above  expressions,  after  some 
trigonometric  simplifications,  the  following  expressions  are  obtained  for  the  pallet  fixed 
unit  vectors  in  terms  of  the  X-Y-Z  system 


-cos  a'i  -  sin 


aj 


(A-14) 
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Pallet 


Figure  A-2.  Pallet-fixed  ^p-^lp-Cp  coordinate  system 


and 


sin  a'i  -  cos  a'j 


(A- 15) 


where 


a'  =  ¥  +  Vc  +  ^3 


{A-16) 


Because  of  the  given  parallel  axes 


If  the  relative  angular  velocity  of  the  pallet  P  with  respect  to  the  projectile  b  is  given 
by 


0) 


p/b 


then  its  absolute  angular  velocity  cop/a  is  given  by 


(A-18) 


+  0), 


b/a 


(A-19) 


To  express  equation  A-16  in  pallet-fixed  terms,  it  is  necessary  to  transform  equation  A-1 
which  gave  According  to  equations  A-1 4  and  A-1 5 

i  =  -  cos  a'  n^  +  sin  a'  n^  (A-20) 


and 


I  =  -  sin  a  nt  -  cos  a  n_ 

Sp  *lp 


{A-21) 


Thus,  one  obtains  in  the  pallet  fixed  system 


f  '  '1 

/  / 

[o)jjCosa  -KOySinaJn^  + 

0)  sina  -  o)  cosa 
^  y 

+  0)^  n^ 


(A-22) 


Finally,  the  absolute  angular  velocity  of  the  pallet  tOp^g  becomes  with  equations  A-18  and 
A-19 


0)! 


(A-23) 
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where 


(Dp  =  -  ((Oj^  cos  a'  +  (Dy  sin  a') 


(A-24) 


(Drip  =  cox  sin  a' '  cDy  cos  q! 


(A-25) 


(Ok  =  (0  +  y 


(A-26) 


The  absolute  angular  acceleration  of  the  pallet  is  obtained  by  the  differentia¬ 
tion  with  respect  to  time  of  the  measure  numbers  of  equation  A-23,  i.e., 


(A-27) 


where 


d)^  =  -  (cDx  cos  a'  -  cDxy  sin  ot'  -»■  coy  sin  a'  +  (Oyy  cos  ( 
(b^p  =  (bx  sin  a'  +  (i^y  cos  a'  -  (by  cos  a'  +  (Oyy  sin  a' 


(A-28) 

(A-29) 

(A-30) 


Rotor-Fixed  Coordinates 

The  relationship  between  the  rotor-fixed  system  and  the  projectile  fixed 

X-Y-Z  system  is  shown  in  figure  A-3  (see  also  ref  1).  The  plane  is  parallel  to  the 
X-Y  plane  and  contains  the  center  of  mass  C,  of  the  rotor  (referred  to  as  link  1  below). 
The  4, -axis  connects  the  point  O,  on  the  rotor  pivot  centerline  and  point  C,. 

The  rotor  angles  and  <!),„  are  measured  in  the  -  t|,  plane,  represents 
the  Initial  position  of  the  ^,-axis,  i.e.  the  axis,  with  respect  to  the  x-axis. 


The  unit  vector  associated  with  the  rotor-fixed  system  are  given  by 
X  =  cos  (<|)^pc  +  sin  (<|),„c  +  (t>,p)T 


(A-31) 


K.  =  -  sin  ((t),Rc  +  (Dir)'  +  cos  (<j>,„c  +  <1>ir)] 


IRC 


(A-32) 
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Projectile  b 


coordinate  system 


and 


=  k  (A-33) 

The  effect  of  the  gear  train  on  the  relationship  between  the  angle  and  the  total 
escape  wheel  angle  (|>^  will  presently  be  neglected.  It  is  more  complicated  for  clock 

gearing  than  for  involute  gearing  (see  ref  2,  eq  B123),  and  will  be  discussed  in  detail  in 
Appendix  F.  Then  with 

Y=(j)iRC  +  <t>iR  (A- 34) 

The  absolute  angular  velocity  of  the  projectile  is  expressed  in  terms  of  the  rotor 
fixed  coordinates  with  the  help  of  equations  A-1  and  A-31  to  A-33 

=  CO,  (cos  7  rTt  -  sin  yru  )  +  co„  (sin  ynt  +  cos  yn^  )  +  co,  nr 

*  Si  Ml  y  Si  Ml  ^  Si 


or 


"b/a  “  T  +  Wy  Sin  yj  n^^  {-co^  sin  y  +  to^  cos  y]  n^^^ 

+  (o^n^  (A-35) 

To  obtain  the  total  angular  velocity  6),^^  of  the  rotor,  its  relative  angular  velocity  coi/a  =  <)>i 
must  be  added  vectorially  to  equation  A-35 

“l/a  = 

Then,  with  equation  A-33 


where 


co^^  =  cox  cos  y  +  coy  sin  y 


(A-38) 


4A 


(o„  =  -  CO,  sin  y  +  0),  cos  y 
Ml  *  y 


(A-39) 


=  0)^  + 


(A-40) 


To  obtain  the  absolute  angular  acceleration  of  the  rotor,  differentiate  the  measure 
numbers  of  equation  A-37  with  respect  to  time.  Therefore, 


“l/a  =  “4,  "4,  “C.  "C. 


(A-41) 


where 


(bt  =  (b  cos  Y  -  o)  0,  sin  Y  +  (b  sin  y  +  to  0. 

X  XI  y  y  ' 

(b^  =  -  (b^  sin  Y  -  (0^  0,  cos  Y  +  tOy  cos  y  ■  tOy 


cos  Y 

(A-42) 

0,  sin  Y 

(A-43) 

(A-44) 

TWO  EQUIVALENT  METHODS  FOR  OBTAINING  EXPRESSIONS  FOR 
ABSOLUTE  ANGULAR  VELOCITIES  AND  ACCELERATIONS  OF 
COMPONENTS,  SUCH  AS  THE  PALLET,  IN  TERMS  OF 
PROJECTILE-FIXED  COORDINATES 


An  an  example,  ref  1  on  pages  31-33  shows  two  equivalent  methods  for  obtaining 
the  absolute  angular  velocity  and  acceleration  of  the  pallet  in  terms  of  the  projectile- 
fixed  x'-y'z'  system. 

The  first  of  these  consists  simply  of  the  substitution  of  the  unit  vectors  of  eqs  A-1 1 
to  A-1 3  into  expressions  A-23  and  A-27,  respectively. 


The  second  method,  which  produces  the  identical  results,  interprets  the  relative 
angular  velocity  vector  as  a  variable  vector  In  the  primed  system.  The  absolute  angular 
velocity  of  the  pallet  is  obtained  from 


/  /  / 
I  y  z 


=  xjrk'  +  S 


(A-45) 


The  absolute  angular  acceleration  results  from  the  application  of  the  appropriate 
carrier-fixed  rule  of  differentiation 


9  9  r 
*  y  2 


=  \|/k'  +  (0 


ij/a  ' " 

«  y  z 


X  \ffk'  +  ^ 


b/a/// 


(A-46) 


(See  also  eq  B-9  in  appendix  B.) 
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APPENDIX  B 

ANGULAR  MOMENTUM  AND  ITS  DERIVATIVES  IN  VARIOUS 
COORDINATE  SYSTEMS 
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ANGULAR  MOMENTUM  EXPRESSION 


The  angular  momentum  vector  Hq.  with  respect  to  a  point  0,  has  the  general 
expression 

^0  =  Hxx".  •  'xy“y  '  +  {''xy^x  +  'yy“y  '  'yz^zH 

+  [-'zx“x-'yz"y  +  'zz“zl^  (B-1) 

The  above  holds  for  all  types  of  body-fixed  and  space-fixed  coordinate  systems.  If 
principal  axes  are  involved,  the  products  of  inertia  vanish.  Note  that  the  angular  velocity 
component  must  be  absolute. 

Derivative  of  Body-Fixed  Angular  Momentum  Vector:  Torque  Equation 

Body  b  in  general  motion  is  shown  in  figure  B-1.  It  contains  the  body  fixed  X-Y-Z 
system  and  its  angular  momentum  may  be  expressed  with  the  help  of  equation  B-1 . 

The  time  derivative  of  the  angular  momentum  with  respect  to  the  inertial  X  -  Y  - 

0  0 

Zo  system  is  obtained  from 
—  ^ 

*^0/X,Y^„  “  clt^*^o)xYZ  +  0>  X  (B-2) 


where 

^(Ho)xyz  =  derivative  of  the  measure  numbers  in  equation  B-1  and 
5  X  Hq  =  (co^i  +  (Oyj  +  (o^k)  x  Hq 

It  is  to  be  recalled  at  this  point,  that  the  absolute  angular  acceleration  of  body  b  is 
given  by 

(b=(bJ  +  d)J+a)l^  (B-3) 

Both  (0  and  (b  are  now  expressed  in  terms  of  the  body  fixed  coordinates. 
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Time  Dependent 
Angular  Velocity 


Figure  B-1 .  Body  b  containes  X-Y-Z  system 


Upon  performing  all  operations  of  equation  6-2,  the  torque  equation  with  respect 
to  point  0  results 


^0  ~  ^0/X„Y  Z- 
0  0  0 


=  fl  O)  -*•  0)  CO  (I  - 1  )  +  I  (co  CO 
I  XX  X  y  z'  zz  yy'  xy'  z  x 


CO  ) 
r 


-lzx(cbz  +  CO^COy)-lyz(COy"-COz")]T 
+  [lyyWy  +  “x^Z^^XX  ‘  ^ZZ^  ^ 

-  I^y(cb^  +  COyCO^)  ■  Izx  {coi  -  a]§)]  j 

+  [I,  A  +  “x%(‘yy  -  'xx)  +  (0)yC0e  * 

-  'yz<“y  +  “x“z)  -  'xy(“x"  ' 


When  Ij^y  =  ly^  =  =  0,  the  above  expression  becomes  the  well  known  Euler 

torque  equation. 


Derivative  of  an  Angular  Momentum  Vector  Which  is  Described  in  Terms 
of  the  Body-Fixed  System  of  a  Carrier:  Torque  Equation 

The  carrier  body  b  which  has  general  rotational  motion  is  shown  in  figure  B-2.  Its 
absolute  angular  velocity  and  acceleration  are  given  in  terms  of  the  indicated  body-fixed 
system,  i.e. 

=  +  (B-5) 

and 

<b-6) 

respectively. 

The  symmetrical  body  c  rotates  about  an  axis  parallel  to  the  Z-axis  with  respect  to 
body  b  with  the  relative  angular  velocity 
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z(k) 


I 

I 


Synunecrical  body  c 
rotates  with  angular 

velocity  k 

with  respect  to 
carrier  body  b 


Z(k) 


Carrier  b  (projectile) 
with  body-fixed 
X-Y-Z  axes 


Inertial  Frame  a 


Figure  B-2.  Symmetrical  body  c  has  relative  rotation  about  Z-axis 
with  respect  to  carrier  b 
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If  the  absolute  angular  velocity  vector  off  this  body  c  is  expressed  in  terms  of  the 
carrier-fixed  X-Y-Z  system,  the  following  results 

“c/a  =  “c/b  +  “b/a  (B-8) 

(For  comparison  see  equation  A-45.) 

To  obtain  the  absolute  angular  velocity  in  terms  of  the  projectile-fixed  system, 
interpret  o)^  as  a  variable  vector  in  the  X-Y-Z  system.  Then, 


Q) 


•c/a,,,  =  “c/b  +  “b/a  ^  “c^  +  “b/a 


(B-9) 


where 


“c/a  ”  “cA)^’  relative  angular  acceleration  of  component  C  with  respect  to 
projectile  b 

“b/a  “  9'''®^  spuation  B-6 

Because  body  c  is  symmetrical,  its  products  of  inertia  with  respect  to  its  center  of 
mass  Cg  are  zero.  This  symmetry  also  makes  it  possible  to  express  its  angular  momen¬ 
tum  with  respect  to  point  C^.  in  terms  of  the  body-fixed  system  of  the  carrier  b. 
(Regardless  of  the  angle  of  body  c  with  respect  to  body  b,  the  moments  of  inertia  1^^^^  and 
lyy,  expressed  in  terms  of  body  b,  remain  Invariant.)  The  angular  momentum  vector, 
with  respect  to  point  C^,  appropriately  reduced,  becomes  according  to  equations  B-1 
and  B-8 


Hcc  ~  IxxWb/axi  +  lyytt>b/ayj  +  ^zz 


(B-10) 


The  vector  H-  must  be  interpreted  as  a  variable  vector  In  the  carrier-fixed  coor- 

dinate  system.  Its  time  derivative  with  respect  to  the  initial  system  is  therefore  obtained 
by  the  following  operations 


H, 


c/X  Y^X^ 


=  ^  (HCe)xYZ  +  “b/a  ^ 


(B-11) 
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When  applied  to  equation  B-10,  the  following  is  obtained 

Hcyx^VoZo  ~  tOb/ax  i  +  lyy  t^Jb/ay  j  +  Izz  (Wb/a2  +  Wc/b)  k 

+  (“>b/ J  +  “b/ J  +  “b/ J)  *  +  V,“b/aJ 

'zbKaa  +  “b®W 

The  above  becomes  the  torque  equation  with  respect  to  point 

^c„  ,  ,  =  “c,  -  l'..%a,  +  'zz“b«,(“V.,  *  “a®)  ’  '„"b,a,“bz  J' 

0  o  o 

'..“bbiz^az  -  lzz“>b/a.(“b/az  +  <“  JM 
+  'zz(<^«.z  “ob)^ 
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APPENDIX  C 

ABSOLUTE  ACCELERATION  OF  GEOMETRIC  CENTER  C 
OF  THE  S&A  PLANE 
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The  relationship  between  the  center  of  mass  Cpp  of  the  projectile  and  the  center  C 

of  the  plane,  where  the  S&A  mechanism  is  located’,  is  shown  in  figure  C-1.  The  origin 
Opp  of  the  projectile-fixed  Xp-Yp-Zp  coordinate  system  lies  on  the  geometric  axis  of  the 

projectile.  (The  subscript  P  is  now  introduced  in  order  to  distinguish  this  system  from 
the  parallel  X-Y-Z  one,  which  is  fixed  both  to  the  mechanism  plane  and  the  projectile.) 

The  geometric  axis  is  assumed  to  be  parallel  to  the  spin  axis  of  the  projectile.  The 
center  of  mass  of  the  projectile,  about  which  all  rotation  takes  place,  lies  in  the  Xp-Yp 

plane.  Note  that  the  figure  shows  the  S&A  mechanism  to  be  in  configuration  2,  as  seen 
from  the  tip  of  the  projectile.  The  position  vector  from  the  center  of  mass  to  point  C  is 
given  by 


(C-1) 


It  is  assumed  that  the  deceleration  of  the  center  of  mass  due  to  drag  is  only  in  the 
Z-direction  and  that  it  is  given  by 


A 


Cpq/ground 


Zk 


(C-2) 


The  absolute  acceleration  of  point  C,  may  then  be  obtained  from 

Ac/ground  =  Acpp/ground  +  0)x(ci)XR)  +  Q)XR  (C-3) 

where  w  and  w  are  obtainedjrom  equations  A-1  and  A-5,  respectively.  (For  clarity  they 
were  designated  as  5^,,^  and  in  appendix  A.) 

When  the  operations  of  equation  C-3  are  carried  out  and  equation  C-2  is  sub¬ 
stituted,  the  following  is  obtained 

Ac/ground  =  Gx'-"GyT+G,k 

where 

=  (0)y  Ry  +  (Oz  Rz)W^  -  (Wy  +  W2)R^  +  (CDy  Rj  -  Wz  Ry) 

Gy  =  (tOx  Rx  coz  Rz)  tOy  -  (cOx  +  cof)  Ry  +  (djz  Rx  -  Wx  Rz) 

=  ((Ox  Rx  +  (Oy  Ry)  (Dz  -  ((Ox  +  (Oy)  Rz  +  ((OxRy  -  (OyRx)  +  Z 


(C-4) 

(C-5) 

(C-6) 

(C-7) 


’Note  that  in  figure  C-1  the  S&A  mechanism  is  located  on  the  topside  of  the  mechanism 
plane. 
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Figure  C-1.  Relationship  between  center  of  mass  Cpp  of  projectile  and  center  C  of 

mechanism  plane.  S&A  is  in  configuration  2  as  seen  from  the  tip  of  the 
projectile.  (S&A  is  located  on  upper  side  of  the  mechanism  plane). 


APPENDIX  D 

DYNAMICS  OF  ROTOR-DRIVEN  S&A  MECHANISM  WITH  A  TWO-PASS 
CLOCK  GEAR  TRAIN  AND  A  VERGE  RUNAWAY  ESCAPEMENT 
OPERATING  IN  AN  AEROBALLISTIC  ENVIRONMENT 
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FUZE  BODY  CONFIGURATIONS  AND  THEIR  RELATIONSHIPS  TO 

PROJECTILE  GEOMETRY 


All  the  following  expressions  of  the  present  simulation  are  directly  applicable  to  the 
two  fuze  body  configurations  of  references  1  and  2,  as  long  as  the  involved  S&A 
mechanisms  appear  in  these  configurations,  with  the  rotor  turning  counterclockwise 
(ccw),  when  seen  from  the  tip  of  the  projectile  toward  its  bottom  (fig.  C-1 ). 

The  S&A  mechanism  of  the  M577  fuze  is  located  in  its  projectile  so  that  its  con¬ 
figuration  2,  with  the  rotor  turning  ccw,  becomes  discernible  only  when  an  observer 
looks  at  it  from  the  bottom  of  the  projectile  towards  its  tip.i  As  shown  in  figure  D-1 ,  this 
construction  places  the  Yp  and  Zp  axes  of  the  projectile-fixed  system,  which  is  used  to 
express  the  kinematics  of  the  projectile,  in  opposite  directions  to  the  corresponding 
axes  of  the  mechanism  plane-fixed  X-Y-Z  system. 

To  be  able  to  apply  all  the  following  simulation  expressions  to  this  situation,  i.e.,  to 
be  able  to  work  in  the  mechanism  plane  system  as  shown  in  appendix  Q,  it  is  neces¬ 
sary  to  reverse  the  signs  of  the  Y  and  Z  component  values  of  the  projectile  angular 
velocity  (eq.  A-1)  and  angular  acceleration  (eq.  A-5).  Similarly,  the  signs  of  the  Y  and 
Z  components  of  vector  R  (eq.  C-1)  and  of  the  drag  deceleration  (eq.  C-2)  must  be 
reversed. 


All  work  concerning  fuze  body  angles,  as  given  in  reference  3,  is  applicable 
regardless  of  the  position  of  the  S&A  in  the  projectile  as  long  as  the  fuze  body  has 
configuration  1  or  2. 


DYNAMICS  OF  ESCAPEMENT  IN  COUPLED  MOTION 


Absolute  Acceleration  of  Pallet  Pivot  Op 

The  position  of  the  pallet  pivot  Op  with  respect  to  the  geometric  center  C  of  the 
mechanism  plane  is  shown  in  figure  D-2.  In  addition,  the  relationship  of  the  projectile- 
fixed  x’-y’-z’  system  to  the  mechanism  plane-fixed  X-Y-Z  system  is  indicated. 


iln  figure  D-1  the  S&A  mechanism  is  located  on  the  underside  of  the  mechanism 
plane. 
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Figure  D-1.  Relationship  between  Xp-Yp-Zp  system  and  mechanism  plane  fixed 

X-Y-Z  system  in  M577  S&A.  Configuration  2  is  seen  from  bottom  of 
projectile.  (S&A  is  located  on  the  underside  of  the  mechanism  plane.) 
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The  absolute  acceleration  of  point  is  given  by 

^Oj/ground  ~  ^Op^C  ^C/ground  ^  ^ 

Where,  is  given  by  equation  C-4  of  appendix  C  and 

In  the  above,  w  and  &  are  obtained  from  equations  (A-1 )  and  (A-5)  respectively,  and 

%  =  ^4^4  (D-3) 

where,  in  the  primed  coordinate  system  (see  ref  3  for  configuration  angles) 

n4  =cos  Yp'i'  +  sin  Yp'j'  (D-4) 

After  transformation  Into  the  X-Y-Z  system  with  the  help  of  equations  (A-9)  and 
(A-10)  and  some  trigonometric  rearrangement,  the  following  is  obtained 


n4  =  -  cos  (yp  +  Pa)  I  -  sin  (yj,  +  pa)  j  (D-5) 

Equation  D-3  may  now  be  written  as 

3^4  =  3^4x1  +  3l4yl  =  -3t4  COS  (yp  +  Pa)  ^  -  3l4Sin  (yp  +  Pa)  j  (D-6) 

With  the  above,  equation  D-2  is  now  evaluated 

=  (D-7) 

where 

=  1*4, -  *4x(V  *  ■  *4,  “J  (D-8) 

=  I*4x“>,<“,  ■  *4,('“x"  +  -  *4x  “,1  (D-9) 

Kz  =  l(*4x“x  *4,“,K  +  (*4,“x  -  *4x  *,)1  (D-10) 
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Projectile  Center  of  Hass 


Geometric  Center  of  Mechanisr 


Figure  D-2.  Relationship  between  mechar 
X-Y-Z  systems  (the  mechanis 


6A 


The  acceleration  is  evaluated  according  to  equation  D-1  with  the  help  of 

equations  C-4  and  D-7,  i.e., 


-  (G.  -  (G,  .f  *  (G,  ..  H.)lr 

(D-11) 

For  later  computational  convenience,  the  above  expression 
x'-y'-z'  system 

is  transformed  into  the 

^  =  K?  +  K?  +  Kk' 

Onground  t  y  z 

(D-1 2) 

where 

K.  =  (G,  ♦  H,)  cos  P3  -  (G,  +  H,)  sin  p. 

(D-1 3) 

K,  =  (G,  +  H,)  sin  p,  -  (G,  +  H,)  cos  p. 

(D-1 4) 

(D-15) 

Acceleration  of  Pallet  Center  of  Mass  with  Respect  to  Pallet  Pivot 

When  the  relative  acceleration  of  the  pallet  center  or  mass  with  respect  to  the  pallet 
pivot  is  formulated  in  terms  of  the  pallet-fixed  -  rip  -  ^  coordinate  system,  the  follow¬ 
ing  is  obtained  (fig.  D-3): 

where 


(see  eq.  A-23) 

(see  eq.  A-27) 

r  =0  -C 

cp  p  p 
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Appropriate  substitution  and  evaluation  of  equation  D-16  furnishes 


Aj,  ^  =  r^  {[-((o^sina'  -  coycosa')^-  (o)^  +  lsina'cosa'(t»>y‘'-w^‘‘) 


2  ..  2v 


+  (0  w  (cos^a'  -  sin^a')  +  (b^  +  tj/J TT^  4-  [-sina'((bj^+2(i)  ^+o)  to^) 


+  cosa'  (cl)y  -  2(o,\|/  -  0)  wjjri^ } 

A  *  ^  Sp 


(D-17) 


The  above  expression  is  now  transformed  into  the  x'-y'-z'  system  (again  for  later 
computational  convenience)  with  the  help  of  equations  A-1 1 ,  A-12,  and  A-14 


(D-18a) 


where 


Tx  =  ■  Wy^cosPg  cosa'  +  co^cOy  sin  (a'  +  pg) 

•  (d)^  +  fj/)^cosp  -  (d)^  +  t|f)  sinP) 


Ty  =  '■cpl"®x^^®p3  sina'+  (a/  sinpscosa'  +  to^cOy  cos  (a'  +  Pg) 

-  (o)^  +  f|r)^sinp  +  (&^  +  (jr)  cosp] 

Tz  =  rep [-sina'  (cbx  +  2coy\if  +  coyCOz)  +  cosa'  (ti)y  -  2cox\ir  -  tOxtOz)] 

Absolute  Acceleration  of  Pallet  Center  of  Mass  C 

p 

The  total  acceleration  of  the  pallet  center  of  mass  is  given  by 
TT  =  A 

^Cp/ground  Cp/Op  ^Op/ground 


(D-18b) 


(D-18C) 

(D-18d) 


(D-19) 
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Substitution  of  equations  D-12  and  D-16a  into  the  above  yields  the  following  expression 
A  = 

C|/ground 

{r^l'CD^^sinpgSina'  -  Wy^cosPgCOSa'  +  0)^a)ySin(a'  +  Pg)  -  (w^  +  cosp 
-  (tb^  +  \y)  sinp]  +  KJ?  +(rcp[-<Ox^cosp3  sinaV  sinpgCOsa'  -  (o^o)^ 
cos(a'  +  pg)  -  (o)^  +  \pr)^sinp  +  (d)^  +  ^  cosp]  +  K^jJ'  +  {r^[-(&,  + 
sina'  +  (&y  -  cosa'  -  2y(cOj^cosa'  +  tOySina')]  +  Kjl?  {D-20) 

Signum  Functions 

Before  deriving  the  equations  of  motion  of  the  pallet  and  the  escape  wheel,  it  is 
necessary  to  introduce  two  signum  functions  which  will  be  used  to  determine  the  direc¬ 
tions  of  the  friction  forces  at  the  pallet-escape  wheel  interface  and  at  the  pallet  pivots, 
respectively  (ref  1 ). 

The  relationship  between  the  contact  point  S  on  the  escape  wheel  and  the  coinci¬ 
dent  point  T  on  the  pallet  is  shown  in  figure  D-4a.  The  signum  function  s^  makes  use  of 

the  relative  velocity  Vg^;  i.e.,  (see  ref  1) 


s 


4 


_ 

~  |Vsrrl 


(D-21) 


The  signum  function  s^,  which  is  associated  with  pallet  rotation,  Is  defined  by 

=  |  (D-22) 


Pallet  and  Escape  Wheel  In  Entrance  Coupled  Motion 

A  free  body  diagram  of  the  pallet  with  the  normal  force  and  the  fraction  force 

acting  on  Its  entrance  working  surface  is  shown  in  figure  D-4a.  The  normal  and  friction 
forces  acting  on  the  upper  and  lower  pivots  of  the  pallet  are  shown  in  figure  D-4b.  For 
verge  nomenclature  see  reference  1 . 
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Figure  D-4a.  Top  view  free  body  diagram  of  pallet  in  entrance  coupled  motion 


'"z- 


MjSg  '’fFz*  (Thrust  friction 


torque ) 


Figure  D-4b.  Pallet  in  entrance  coupled  motion.  Normal  forces,  friction  forces, 
and  thrust  friction  torque  acting  on  pallet  pivots. 
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Force  Equations  for  Pallet 


The  force  equations  for  the  pallet  in  entrance  coupled  motion  are  obtained 
from  Newton’s  law  according  to 


^  ^  ~  *^p^C^groond 


(D-23) 


where  the  acceleration  of  the  pallet  of  mass  is  given  by  equation  D-20. 

The  sum  of  the  forces  is  obtained  with  the  help  of  the  figures  mentioned.  (For  escape¬ 
ment  forces,  see  equation  B-43  of  reference  1 .)  Equation  D-23  becomes 

P„n„  .f  n,s,P„n,  *  f'/  -  fj  -  F^j'  -  P,S5F  +  S5ti,F^/  +  F^.,r  +  F,  J 

+  PtSgF/J'  -  =  f^p[(''cp[*o)x^cosp3  Sina'-  coy^cospacosa' 


+  (o^o)ySin(a'  +  pg)  -  cosp  -  +  t|T)sinp]  +  KJi' 


*  o^y^sinp^cosa'  -  o)^(o^cos(a'  +  pa) 


-  (0)^  +  sinp  +  +  V)cosp]  +  Ky}f  +  {r^p[<5)^  +  a)y(o^)sina' 

+  (d)„  -  (0  ffl Jcosa'  -  2f|/„(co^cosa'  +  co  sina')]  +  Kz)  k'l  (D-24) 

y  X  z  p  X  y 

where  Fx  u  and  Fy -y  are  the  normal  force  components  acting  on  the  upper  pivot,  Fx  l 
and  Fy  l  act  on  the  lower  pivot,  and  Fz'  represents  a  thrustforce  exerted  on  the  pivot 
shaft. 

Note  that,  as  in  reference  1 ,  the  force  and  moment  equations  of  the  pallet  are  given  in 
the  x'-y'-z'  system  for  computation  convenience. 

The  unit  vectors  n^  and  h^  are  expressed  according  to  equations  C-5  and  C-6 
of  reference  1  in  the  primed  system  as  follows 

Oj  =  cos(\jr  +  a)?  +  sin{Y  +  a)]'  (D-25) 

rin  =  -sin  (\|/  +  a)  ?  +  cos  (\|/  +  a)  J'  (D-26) 
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The  angle  a  is  associated  with  the  pallet  and  Is  different  for  entrance  and  exit  contact. 


Substitution  of  equations  D-25  and  D-26  into  equation  D-24  furnishes  the 
following  component  expressions 

x'  -  component  of  force  equation 

-PnSin(¥  +  a)  +  P,S4P„cos(v  +  a)  - 

=  mp{r^[-o)/sinp3Sina'  -coy^cospa  cosa'f  co^cOySin(a'  +  pa) 

-  (0)^  +  v)^cosp  -  +  (j/)  sinp]  +  K^}  (D-27) 

y'  -  component  of  force  equation 

P„cos(\|/  +  a)  +piS4PnSin(v  +  a)  -  F^,^  -  +  F^^  +  PiSgF/L 

=  mp  (rcp[-cox2cospa  sina'  +  coy^sinPa  cosa'  -  coxCOy 

cos(a'  +  P3)  -  (0)^  +  ^p)^sinp  +  +  (j?)cosp]  +  K^}  (D-28) 

z'  -  component  of  force  equation 

F/  =  mp{r^^[-(a)^  +  o)yCD^)slna'  +  -  ©j^©^)cosa'  -  2^(©^cosa' 

+  ©ySina')]  +  K^}  (D-29) 

Moment  Equation  for  the  Pallet 

The  moment  equation  for  the  pallet  must  be  written  with  respect  to  the  acceler¬ 
ated  pivot  point  Op 


“o„  -  +  sinpT)  +  (D-30) 

where  “Mq  is  the  sum  of  external  moments  about  point  O  .  It  is  assumed  that  O  lies  in 

p  p  p 

the  plane  of  the  center  of  mass  of  the  verge  (normal  to  the  verge  pivot  axis).  It  is  also 


72 


1 


assumed  that  the  forces  and  He  in  this  plane.  is  the  absolute  ac¬ 
celeration  of  point  O  according  to  equation  D-12.  ^  /  is  the  rate  of  change  of  the 

angular  momentum  of  the  verge  with  respect  ot  point  O^.  This  expression  is  obtained 

by  adapting  equation  B-4  to  the  parameters  of  the  pallet  and  transforming  the  result  into 
the  x'y'z'  system. 

Determination  of 

Up 

_  The  moments  due  to  the  verge  contact  force  and  the  associated  friction 

force  P|S^P^  are  taken  from  equation  B-48  of  reference  1 .  The  moments  due  to  the 

pivot  forces,  both  normal  and  frictional,  are  obtained  with  the  help  of  the  figure  D-4b. 
The  symbols  Pp  and  p,  stand  for  the  pallet  pivot  radius  and  the  pallet  thrust  friction 

radius,  respectively.^  Therefore, 

Mop=D;Pnk'-p,s,C,P„k'-p,S5p,F^^k' 

+  (L„k'  +  PpF)  X  (-Fy  J'  +  PjS/y./) 

+  <  V  PpH  ^  -  PiSsFx'J') 

+  (-Lik'  -  P/)  X  (  Fy ^ J' -  piSgFy  ^J') 

+  (-Lik'  -  ppP)  X  (  +  PjSgF^^JO  (D-31 ) 

The  above  becomes 

KT  =  [L  F  /  +  L  u,s,F  '  +  L,  F  /,  +  L  u,s^F  1? 

Op  u  y  u  uH  5  X  u  L  y  L  5  x  L'* 

+  [L  u,s,,F  /  -  L  F  '  +  L u,s,.F  -  LiFx 'lI ]' 

*•  5  y  u  u  X  u  5  y  L  u  *  i-j  j 


+  IP„(D,'  -  ^s,C,')  -  m,p^5F,.  -  p/,s,F^.„  -  PpP,S5F.'„ 
■  PpFiSsF/L  -  PpFiSsF^#' 

^  Reference  3  for  determination  of  thrust  friction  radius,  p  268. 


(D-32) 
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Determination  (cospT  sin(f) 

With  the  help  of  equation  D-12,  for  the  above  cross-product  the  following  is 

obtained 


-(KT  +  Kj  +  Kl?)xmpr^{cos|5?  +  sinpT) 

=  ■  ^^Kz^osp?  -  mprcp(K  sinp  -  KyCOsP)k'  (D-33) 

Determination  of?L  /  /  / 

L/pX  y  z 

As  stated  earlier,  equation  B-4  must  first  be  adapted  to  the  pallet-fixed  coor¬ 
dinate  system  with  pallet  related  nomenclature.  This  leads  to 


+  l't,n,*n  *  ■  'cU  * 


■  K  *  “5“;)'  '5%  K  ■  %)1  \  (D-34) 

The  angular  velocities  and  accelerations  of  the  pallet  are  now  expressed 
according  to  equations  A-24  to  A-26  and  equations  A-28  to  A-30,  respectively.  Sub¬ 
sequently,  the  unit  vectors  n^, 71^,  and  are  substituted  according  to  equations  A-11, 

A- 12,  and  A-17. 
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/  / 

X  y  z 


where 


These  operations  result  in  the  following  component  expressions  for 


x'  =  +  A^v 

p 

(D-35) 

(D-36) 

(D-37) 

=  cosP{-l^^(®^cosa'  +  d>ySlnaO  +  )o)^(a)^sina' 

-  (OyCOsa')  -  l^^p[o)^(o)j^cosa'  +  tD^sina')  +  (&^sina'  -  WyCOsa') 

+  l^^((a)^cosa'  +  tOySina')  (w^slna'  -  cOyCOS  a')  - 

-  I^^[((0j,sina'  -  WyCOsa')^  -  ca^^]}  -  sinp  {1^^  ((b^^sina'  -  tOyCOsaT 

-  (1^^  -  l^^)(o^(o)^co^<^''  *  cOySina')  -  l^^[(a)jjCOsa'  +  cOySina') 

(w^sina'  -  a)yCOsa')+<&J  +  1^^  [(dj^^cosa'  +  WySina')  -  ©^(tOj^sina' 

-  (OyCOsa')]  -  ■  (®xCOSa'  +  tOySina')^]}  (D-38) 

Ag  =  ((o^sina'  -  0)yC0sa')[(l^^  +  ^ 

-  (roxcosa'  +  a)yrSina')[2  I^TipCosp  +  (It,tip  *  +  kQ  sinp] 

+  2  (D^(l^^cosp  +  l|;^sinp)  (D-39) 
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Ag  =  l^^cosp  +  l^^sinp 

Ag  =  sin|3{-l^^(«j^cosa'  +  6ySina')  +  (1^^- )(o^{tOj,sina' 

-  WyCosa')  +  l^^p[-  (o^(ci)^cosa'  +  OySina')  -  (A^^sina'  -  (oleosa')] 


-(o)  cosa'  +  0)  sina')(o)  slna'  -  cd  cosa')  +  d)  ] 


(D-40) 

(D-41) 


-  l^^{(o)^sina'  -  cD^cosa')^  -  o)^^]}  +  cosp  (d)^slna'  -  a)yCOsa^ 
*  ■*■  ®ySina')  +  lj^^[-(Q)^cosa'  +  to^slna') 

(cjjjSina'  -  (oleosa')  -  ©J  - {-(to^^cosa'  +  (OySina')  +  ©^(cOj^sIna' 


-  ojyCOsa')]  -  ■  (w^^sa'  +  tOySina')^]} 

\  ~  ■  ®yC0sa')[(l^^  +  sinp  -  2  l^r^pCOsp]  +  (cox 


+  (OySina 


+  2©. 


Ay  =  In^pSinp  -  l^^cosp 


As  =  -  (l^^sinp  +  lTig,cosp) 


(D-42) 


cosa' 

(D-43) 

{D-44) 

(D-45) 
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Ag  =  -  (1^1^  -  l^^)[(o>^cosa'  +  o)ySina')(o)^sina'  -  (o^cosa')] 


+  1;^  [wz  (cox  sina'  -  coy  sina')  +  cosa'  +  coy  sina')] 


sina'  -  &  cosa')  -  cd  (o)  cosa'  +  co  sina')] 

X  y  z  X  y 


[(o)  cosa'  +  0)  sina')^  -  (o)  sina'  -  to  cosa')*"] 
SMp  *  y  *  y 


^/\2i 


(D-46) 


A,o  =  1^^  (D-47) 

Simplification  of  Force  and  Moment  Equations 

In  order  to  be  able  to  solve  for  the  upper  and  lower  pivot  forces,  both  the  force 
and  moment  component  equations  are  now  rewritten  in  an  appropriate  simplified  form. 

x'-Component  of  the  Force  Equation 

Equation  D-27  becomes 


-F  /  +  A^.F  '  +  F 

XU  Ilyu  xL 


+  A 


14 


•2  A 
V  +  A 


15 


(D-48) 


where 


All  =  hSs 


Ai2  =  mprJ-to^^sinpgSina'  -  tOy^cospgCOsa'  +  a)^a)ySin(a'  +  Pg) 


-  (o^^cosp  -  ©^sinp]  +  m^K^ 
A, 3  =  -2(o^mpr^cosp 


(D-49) 


(D-50) 

(D-51) 
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(D-52) 


^4  =  -'^p''cpCOSp 

A, 5  = 

A,g  =  -(n,s^cos(\|/  +  a)  -  sin  (\|/  +  a)]  (D-54) 

y'-Component  of  the  Force  Equation 
Equation  D-28  becomes 


A„  F,'„  -  F +  F  =  A„  +  A„v  +  A„f  f  +  A2,P„  (D-55) 


where 


^17  =  %%[‘®x^cosp3Sina'  +  C0y2  sinpa  cosa'  -  WxtOy  cos  (a’  +  P3) 


-  (o^^sinp  ♦  w^cosp]  +  m^Ky  (D-56) 

A, 8  =  -2o)xrnpr^sinp  (D-57) 

^19  = 

^20=  "^p^cpCOSp  (D-59) 

A21  =  -[cos(v  +  a)  +  p^s^sin  (y  +  a)]  (D-60) 

z'-Component  of  the  Force  Equation 
Equation  D-29  is  rewritten  to  read 

=  +  (D-61) 


The  tilde  is  now  used  to  indicate  the  conservative  nature  of  this  force,  when  the  terms 
Agg  and  Agg  are  made  absolute. 
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Thus 


^22  “  l'^p'’cpl'“x  ■*■  (“y  ‘  w^Wy)cosa'  +  mpKj 


(D-62) 


and 


A23  =  |-2mpr^((o^cosa'  +  cOySina')!  (D-63) 

The  absolute  values  in  the  above  expressions  will  be  useful  later  in  equation  D-123. 


x'-Component  of  Moment  Equation 

The  x'-component  of  equation  D-30  is  obtained  with  the  help  of  the 
x'-components  of  equations  D-32  and  D-33,  as  well  as  equation  D-35.  Therefore, 


+  L/Zu  I-lAiiF.'l  +  =  "'p'cpK^sinp 


+  Ai  +  vjrAa  +  xj/^Aa  +  \1lrA4  {D-64) 

v'-Component  of  Moment  Equation 

The  y'-component  of  equation  D-30  is  obtained  with  the  help  of  the 
y'-components  of  equations  D-32  and  D-33,  as  well  as  equation  D-36 

-  UF«u  +  f  +  It,A„F^-,^  =  -m_r^K,cosp 

+  *5  +  Ajijf  +  t  AjV  (D-65) 

z'-Component  of  Moment  Equation 

The  z'-component  of  equation  D-30  is  composed  of  the  z'-components  of 
equations  D-32  and  D-33,  as  well  as  equation  D-37 

Pn(D^  -  P1S4CJ  -  pfAiiFz-  -  ppAiiFy'u  -  ppAiiF/u  -  ppAnFyX  -  PpAnF/L 

=  *fnpr^(K,sinp-K  cosP)  +  A^  +  (D-66) 

Solution  for  the  Pallet  Pivot  Forces.  The  forces  F/^,  F/u.  F/l.  and  Fy  ^  are 

obtained  from  the  simultaneous  solution  of  equations  D-48,  D-55,  D-64,  and  D-65.  The 
force  F^/  is  given  by  equation  D-61 .  These  five  forces  are  eventually  substituted  into 

equation  D-66,  and  the  resulting  expression  is  solved  for  the  contact  force  P^. 
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The  simultaneous  set  of  equations  becomes 


— 

— 

—  •i 

**n 

-1 

An 

1 

-An 

F/u 

Bp, 

Ai 

-1 

An 

1 

Bp= 

Lu 

^lAii 

k 

T 

X  L 

Bpa 

LuA,, 

-Ll 

kA„ 

F'. 

y  L 

CD 

^  -5 

Bpi  =  A, 2  +  A, 3V  +  +  A^gij/  +  P^A^g 

Bp2  =  A, 7  +  A^gV  +  A^gv'  +  +  P^A^, 

Bps  =  %%K^sinp  +  A,  +  AjV  +  Agv"  +  A,tj^ 
^P4  =  *  "^p%K,cosP  +  Ag  +  Ag^  +  A^v^  +  Agtjir 


{D-67) 

(D-68) 

(D-69) 

(D-70) 

(D-71) 


Cramer’s  rule  will  now  be  used  to  determine  the  four  pivot  forces  F^^^. 

and  Fy'L-  To  this  end,  the  coefficient  determinant  D  must  be  found  first. 


Evaluation  of  the  Coefficient  Determinant  D 

The  coefficient  determinant  of  equation  D-67  is  given  by 


-1 

An 

1 

-An 

-An 

-1 

At, 

1 

LA,, 

Lu 

LlA,, 

Ll 

-Lu 

LuA„ 

-k 

L^An 

Evaluation  of  the  above  furnishes 


(D-72) 
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(D-73) 


D  =  [(L„  +  Ll)(1+A„Y 
Since,  according  to  equation  D-49 

A„=^iS5  (D-74) 

and  is  always  equal  to  unity  (eq  D-22),  the  coefficient  determinant  becomes 

D  =  [(L„  +  Ll)(1  +  (D-75) 

Evaluation  of  Pivot  Force  Fv*.. 

The  pivot  force  is  obtained  from 


where 


’^x'u  =  IT 


{D-76) 


Bpt 

All 

1 

-All 

Dp,  = 

X  u 

Bp2 

-1 

Aii 

1 

Bp3 

Lu 

LlAii 

Ll 

Bp4 

LgAll 

-Ll 

LlAii 

Evaluation  of  Dp ,  furnishes 

0 

Dp ,  =  (L, 

*  X  u 

,  +  Ll)^  + 

^iiBp3  ■ 

After  substitution  of 


(D-77) 


(D-78) 


(D-79) 
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the  following  is  obtained 


.  (L,  *  L,)(1  +  *  A„B^  ■  B^)  (D-80) 

Subsequently,  equations  D-49  and  D-68  to  D-71  are  substituted  into  the  above  and  the 
coefficients  of  similar  terms  are  collected  and  made  absolute.  The  latter  is  done  to  get 
conservative  pivot  and  friction  forces.  This  leads  to 


Dp  =  (L^  +  Ll)(1  +  +  C3V  +  C>*  +  CsPn  (D-81 ) 

where 

■  *^*17)  -  *5  +  "’pfcfK^in.SjSinp  +  C0SP)|  (D-82) 

Cj  =  l■'-LA,3  ti,s,(A^  -  L,A„)  -  A3I  (D-83) 

C,  =  |-L,A,3  +  h,S3(A3  -  L,A„)  -  A3I  (D-84) 

C,  -  l-kA,,  +  t.,S3(A3  -  L,A33)  ■  A3I  (D-85) 

Cg  =  t'L^Ajg  +  h^S3L3^A3||  (D*86) 


Finally,  substitution  of  equations  D-75  and  D-81  into  equation  D-76  gives  the  now  tilded 
pivot  force 


Fx'u  =  j.  jj  773  5T  (Cl  +  Cgxy  +  +  C4\|?  +  CsPn)  (D-87) 

(U  +  U)(i  +  Pi ; 

Evaluation  of  Pivot  Force  Py'u 

The  pivot  force  Fyu is  obtained  with  Cramer’s  rule,  i.e., 


D-88a) 


82 


where 


-1 

Bpi 

1 

-All 

-A11 

Bp2 

An 

1 

LuAii 

Bps 

LlAii 

U 

-Lu 

Bp4 

Ll 

LlAii 

Evaluation  of  Dp  ,  furnishes 

u 

Dp,-.  =  (L„  +  k)('  +  B^  *  A„B^) 

and  again,  with  =  Sg  |i^ 


(D-88b) 


(D-89) 


Dp ,  =  (L, 

•  y  u 


Ll)C>  +  )(hS5LLB 


pi 


kBp,  -H  B^3 


{D-90) 


Appropriate  substitution  into  equation  D-88a  and  proceeding  in  a  manner  parallel  to  that 
followed  in  the  determination  of  F/u-  following  is  obtained  for  Fy'u 


f^y'u  =  -  j — — - 5-  (Ce  +  +  Cb  +  Cgiy  +  CioPn)  (D-91) 

(U  +  Ll)(1  +  Pi) 

where 

Cj  =  |A,  •  L|^A„  +  n^Sj  (L,^A,J  +  Aj)  +  mpr^K^(sinp  -  MiSjCOsPjl  (D-92) 

C?  =  lAj  -  +  MjSg  (Ag  +  LgAjg)|  (D-93) 

-  LlA,9  +  M.Sg  (A,  -f  L,A,g)|  (D-94) 

C,  •  IA4  -  LgAgg  9.  n,Sg  (LgA,g  -  Ag)|  (D-95) 


^10  “ 


(D-96) 


Evaluation  of  Pivot  Force  F 


*  L 


The  pivot  force  F^/^  is  obtained  from 


DF.^ 


•^x'l  =  “TT 


where 


-1 

Aii 

Bpi 

-All 

-1 

Bp2 

LjAii 

Lu 

Bp3 

-u 

LuAii 

Bp4 

-Aii 

1 

k 

kAii 


Evaluation  of  Dp ,  furnishes 


D,  =  (L„  +  k)(1  A,/)(L„B^,  +  +  A„B^3  -  B^,) 


and  again,  with  A^^  =  Sg 


D,  =  (L„  +  k)(1  +  P,  )(kB^,  +  p^SgL^B^,  +  p,SgBp3  -  B^,) 


Proceeding  as  before  to  obtain  Fxi,  the  following  is  found 


■  (U  +U)(1  +n?) 


(Cii  +Ci2V  +  Ci3V^  +  CuV  +  CisPn) 


where 


(D-97) 


(D-98) 


{D-99) 


(D-100) 


(D-101) 
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^11  =  <^^,2  -  Ag  +  4, 85(1/, 7  +  A,)  +  m^r^K  (n^SgSinp  +  cosp)|  (D-102) 


^12  “  I^U^13  ‘  ^6  ■’■  ■*■  ^2^1 

^13  ~  l^u^14  '  Ay  +  '*’  ^3^1 

^14  “  I^A^g  *  Ag  +  h^S5{L^A2q  +  A^)| 

^15  ~  l^u^ie  ■*’  ^1®5^u^2ll 

Evaluation  of  Pivot  Force  Fyi 

The  pivot  force  is  obtained  from 


F  - 

Wi  =  “cr 


where 


-1 

All 

1 

Bpi 

-A11 

-1 

A11 

CM 

a 

CD 

LuAii 

Lu 

kAii 

Bp3 

-u 

LyAll 

-k 

Bp4 

Evaluation  of  D- ,  furnishes 

'■y  L 


=  (L„  +  LJ(1  +  A,/)(.L„A„B^,  +  +  A^^B^,) 


and  again,  with  A,^  =  s^p, 


(D-103) 

(D-104) 

(D-105) 

(D-106) 

(D-107) 


(D-108) 

(D-109) 
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(D-110) 


FyY  is  found  from  equation  D-107  in  a  manner  shown  earlier 

Fy'i  =  - -  I  - 5-  (C16  +  Cj7V  +  CisV^  +  Cigtjy  +  CaoPn)  {D-1 11) 

(U  +  Ll)(1  +Hi) 

where 


=  |L  A„ 

'  u  17 

+  A,  +  4,8, 

(As- 

+  %r^pK,(sin3  -  p,S5COSp)| 

(D-1 12) 

c„  = 

00 

II 

•fAj-f  h,s. 

)(Ae 

'  L/,3)| 

(D-1 13) 

=  ILuA,, 

■F  A3  +  4,85 

(A7- 

(D-1 14) 

< 

II 

F- A3 +  4,85 

(Ag- 

«-uA,s)l 

(D-1 15) 

Cpo- 

< 

II 

(D-1 16) 

Determination  of  Contact  Force  P  in  Terms  of  Paiiet  Parameters 

n 

Substitution  of  Conservative  (Tiided)  Pivot  Forces  into  the  z'>Moment 
Equation.  Rather  than  substitute  the  forces  F/  ,  F  f  ,  F  f  F  f  and  F  >.  into  the  z'- 

XU  XL  yL  zL 

moment  equation  D-66,  the  associated  tiided,  conservative  expressions,  as  given  by 
equations  D-61,  D-87,  D-91,  D-1 01,  and  D-1 11  are  used.  To  simplify  matters,  let  the 
sum  of  Fx'u,  Fy'u,  Fx'l,  and  Fyt  be  first  determined 

Px'u  +  Py'u  +  f"x'L  +  F y'L  =  A24  +  A25V  +  A26'i>^  +  A27V  +  A28Pn  ^ 


where 


Cl  +  Cg  +  C11  +  C16 
Lt(1  +H?) 


(D-1 18) 
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(D-119) 


and 

Lt  =  L„  +  Ll  (D-122b) 

Substitution  of  the  above,  as  well  as  equation  D-61  into  equation  D-66,  and  letting  = 
accotxiing  to  equation  D-49  leads  to  the  following  provisional  2'-moment 
expression 

Pn  1  •  1 )  -  Pffi  1S5  (A22  ±  Aggv)  -  PpPiSg  (a24  ±  xjfAgs  ±  V^Age 

±  VA27  +  PpAas)  =  *  mprcp  (Kx  sinp  -  Ky  cosp)  +  Ag  +  AioV  (D-1 23) 

To  make  sure  that  all  friction  moments  act  in  a  direction  opposite  to  the  instantaneous 
rotation  of  the  pallet,  the  signs  of  those  friction  terms  which  depend  on  v,  or  \j/  have 
been  left  undecided  for  the  moment.  They  will  be  resolved  below. 

Before  these  decisions  are  made,  let  equation  D-1 23  be  written  as  follows 
Pnlo.,  -  C1P1S4  -  PPP1S5A28)  -  PlS5{pfA22  +  PpA24)  ±  P1S5 

(pfA23  +  PpA25)  V  ±  PpPlS5A26'i^  ±  PPP1S5A27V 

=  A^oV  +  Ag  -  mpr^(K^sinp  -  K^cosP)  (D-1 24) 
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With  Sg  positive  for  positive  rotation  of  the  verge  and  vice  versa  and  with  all 

other  parameters  positive  at  ail  times,  the  following  moment  components  of  equation 
D-124  must  have  negative  signs  during  positive  rotation 


(D-1 25) 

*  Pp^4> 

(D-1 26) 

(D-1 27) 

The  sign  of  the  term  containing  y  must  be  negative  for  a  positive  xj;  and  vice  versa. 
Therefore,  the  sign  of  \Jr  can  be  used  to  control  the  sign  of  this  term,  and  the  signum 
operator  Sg  has  been  omitted.  This  term  becomes 

*^i,(P,A23  +  ppA^s)^  (D-128) 

The  choice  of  sign  for  the  term  containing  the  pallet  angular  acceleration  is  discussed  in 
detail  in  appendix  F  of  reference  4.  This  work  leads  to  the  computational  rules  of 
equations  D-134  and  D-135  below.  These  rules  deal  with  the  sign  In  the  effective 
moment  of  inertia  Ip^.  (Note  that  the  signum  function  Sg  has  been  omitted  in  these 

expressions.) 

With  the  above  considerations,  equation  D-124  becomes 

PpAzg  *  Ago  -  Ag, V  -  AgjV^  =  IppV  +  Ag  -  mpr^(K^sinp  -  K^cosP)  (D-1 29) 


where 


I  / 


A29  =  -  C^p.iS4  -  PPP.1S5A28 

(D-1 30) 

Aao  =  M,S5(p,Ajj  + 

(D-1 31) 

*31  =  Pt(P|*23  +  Pp*25) 

(D-1 32) 

*32  ~  Pl®5pp*26 

(D-1 33) 

^  ^333’  ^  identical  signs 


(D-134) 


(D-135) 


Ipp  =  -  A333,  when  y  and  ^  have  opposite  signs^ 

^333  “  ^^iPp^27  (D-1 36) 


Equation  D-1 29  is  now  rewritten  to  find  an  expression  for  the  contact  force 


p  _  IpRxj/  4-  A9  A30  A31  y  Asa -  mp  rep (Kx  sin(3  -  Ky  cosP)  /n.i37\ 

n_  ^  ^  ; 

The  above  expression  is  now  changed  to  reflect  the  escape  wheel  angular  velocity  and 
angular  acceleration  0  and  respectively,  so  that  it  may  later  be  equated  to  an  expres¬ 
sion  for  the  escape  wheel.  Equations  C-19  and  C-26  of  appendix  C  of  reference  1 
show  the  following  relationships 

\ir  =  0U  {D-1 38) 

and 

•2 

y  =  U(|)  +  V<l>  (D-1 39) 

U  and  V  may  also  be  obtained  from  reference  1 .  This  leads  to 

Po  =  75  I'prU?  *  -  A3,U$  +  a,  + 

■  '^p^p^'^xS'^P  ■  KyCOSp)]  (D-1 40) 

Force  Equations  for  Escape  Wheel  and  Pinion  No.  3  with  Mesh  2  in  Round- 
on-Round-Contact  (see  reference  1 ,  for  clock  tooth  force  analysis  background) 

The  action  of  the  contact  forces  and  together  with  their  associated 

friction  forces  are  shown  in  figure  D-5a.  A  separate  free  body  diagram  of  the  pivot  shaft 
of  the  escape  wheel  is  shown  in  figure  D-5b. 


^  Ip  -  A333  must  not  become  negative.  If  this  occurs  Ipp  must  be  set  equal  to  zero. 
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All  forces  must  now  be  expressed  in  terms  of  the  mechanism  plane-fixed  X  -  Y  - 
Z  system.  This  makes  it  necessary  to  transform  the  unit  vectors  hj  and  hn  from  the  X'  - 
Y'  system  into  the  X-Y  one.  (See  eqs  B-16  and  B-17,  as  well  as  eqs  B-79  to  B-82  of 
reference  1.) 

Since 


i'  =  -cospgi  -  sin  pj 

(D-141) 

and 

f  =  sinpgT-  cospj 

(D-142) 

the  previous  unit  vectors  become 

n,  =  -cos(\y  +  a  +  P3)  i  -  sin  (xy  +  a  +  pgjf 

(D-143) 

n„  =  sin{v  +  a  +  pg)!  -  cos  {\j/  +  a  +  p3)J 

{D-144) 

Further,  the  round-on-round  contact  force  F23  has  the  direction  of  the  unit  nx2  vector  so 
that 

^23  “  ^23^X2 

(D-145a) 

where,  according  to  equation  G-48  of  reference  5 

^X2  cosXgi  +  sinXj 

(D-145b) 

The  associated  friction  force  is  given  by 

^f23  *  ^®2n^23^NX2 

(D-146) 

where,  according  to  eq  G-49  of  ref  5 

^NX2  =  -  si  0X2!  +  COSX2j 

(D-147) 

The  signum  function  S2r  is  defined  with  the  help  of  eq  F-47  of  appendix  F 
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Figure  D-5a.  Top  view  of  escape  wheel  and  pinion  no.  3  in  entrance  coupled  motion.  Round-on-round 
contact  of  mesh  no.  2 


Escape  wheel  rotates  ccw 


(Thrust  friction 
^  ^  torque ) 


^3  1  /^y,u 


Z(k) 


Y(  j) 


_L  / 


X(i) 


(L  and  L,  represent  one- 
ha’ff  the  distance  between 
the  pivot  bearings  in  upper 
and  lower  plates.) 


Figure  D-5b.  Escape  wheel  and  pinion  no.  3  in  entrance  coupled  motion. 

Normal  forces,  friction  forces,  and  thrust  friction  torque  acting  on 
pallet  pivots.  (Not  influenced  by  type  of  mesh  contact.) 


s 


2R“ 


(D-148) 


The  force  equations  for  the  escape  wheel  in  coupled  motion  are  generally 
obtained  from  Newton’s  law 


IF  =  m^A 


Onground 


(D-149) 


where 


IF  =  sum  of  pivot  forces  as  well  as  contact  forces  P  and  F,,  and  their  associ- 

n  23 

ated  friction  forces 

m^  =  mass  of  escape  wheel  and  pinion  no.  3 

^o^ground  “  acceleration  of  escape  wheel  center  of  mass,  which  lies  on  axis  of 
rotation,  with  respect  to  ground.  Therefore 

^O^groond*  ^0,/C  ^/Qfound  (D-150) 

In  the  above,  the  acceleration  of  the  fuze  geometric  center  C  with 

respect  to  the  ground  is  given  in  terms  of  the  X-Y-Z  system  by  equation  C-4  of  appendix 
C.  The  acceleration  of  the  escape  wheel  center  of  mass  with  respect  to  the  above  point 
C,  I.e.,  becomes 

X  ^3^3)  V3  (D-1 51 ) 


where 


03  =  cosT^ji  +  sinysj  (D-152) 

Substitution  of 

d)  =  0)  T  +  WyT  +  w^'k  (D- 1 53) 

according  to  equation  A-1  and 
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Figure  D-6a.  Top  view  of  escape  wheel  and  pinion  no.  3  in  entrance  coupled  motion.  Round-on-flat 
contact  of  mesh  no.  2  ^ 


Escape  wheel  rotates  ccw 


(Thrust  friction 
torque ) 


y 


(L  and  L  represent  one- 
ha'if  the  distance  between 
the  pivot  bcarinps  in  upper 
and  lower  plates.) 


Figure  D-6b.  Escape  wheel  and  pinion  no.  3  in  entrance  coupled  motion.  Normal 
forces,  friction  forces,  and  thrust  friction  torque  acting  on  pallet  pivots. 
(Same  as  figure  D-5b.  Not  influenced  by  type  of  mesh  contact.) 


(D-154) 


(D-155) 


(D-156) 


(D-157) 


J,  -  ■  (“/  +  “/)^3,  ■  “z^3,  (D-1  58) 

J,  -  -  (<o/  *  *  o>,\  (D-1 59) 

=  K^3.  +  “>z  ♦  ".3»3,  -  %*3,  (D-1 «°) 

Equation  0-157  is  now  substituted  together  with  equation  C-3  into  D-1 50 

So;„«.nd-N,T+Nj+Nk  (D-161) 

where 

N=G,  +  J,  (D-1 62) 


Ny  =  Gy  +  Jy  (D-1 63) 

N^  =  G^  +  J^  (D-1 64) 

The  vectorial  force  equation  is  now  obtained  with  the  help  of  figures  D-5a  and 
D-5b,  and  equation  D-1 49 
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■*■  *  ^x3u'  '  ^ysJ  '  ^^xsJ 

+  ^^'^y3u'  +  ^x3l'  ^y3  J  ^  ^^’^xsJ  '  ^^^y3L'  =  ('^x'  +  +  N^k)  rtlg  (D-1 65) 

Substitution  of  the  appropriate  unit  vectors,  according  to  equations  D-1 43  and 

D-1 46 

-Pn  [sin  (y  +  a  +  pa)  i  -  cos  (y  +  a  +  Pa)]]  -  mS4Pn  [-  cos  (y  -h  a  +  pa)  i 
-  sin  (y  +  a  +  pg)]]  +  FggfcosXgl  +  sinXgJ]  +  PS2pF23  [-sinXgi  +  cos^gj] 


+  F2ak '  Fxa J  -  Fya J  -  pFxa J  +  Fya J  +  Fxa J  +  FyaJ  +  pFxaij  -  pFya J 
=  (Nj+Nyj  +  N^k)ma 

This  leads  to  the  following  force  component  expressions 

-  P„sin(y  +  a  +  pg)  +  p^s^P^  cos(y  +  a  +  pg)  +  Fgg  cosXg 

-  pSg  FggSinA.^  -  +  pFyg^  +F^g^  -  pFyg^  =  N^mg  (D-166) 

as  well  as 

P^cos(y  +  a  +  Pg)  +  P^p^s^  sin(y  +  a  +  Pg)  +  F^g  smX^ 

*  -  '",3»  -  +  '",3L  =  '^,"’3 

and 

F23  =  N^ma  (D-1 68) 

Moment  Equations  for  Escape  Wheel  and  Pinion  No.  3  with  Mesh  in 
Round-on  Round  Contact 

Since  the  escape  wheel  and  pinion  no.  3  represents  a  symmetrical  body,  its 
moment  equation  may  be  expressed  in  terms  of  the  projectile-fixed  X-Y-Z  system 
according  to  equation  B-13  of  appendix  B.  Adaptation  of  this  expression  to  the  escape 
wheel  system  furnishes 
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Mq,  =  ['xs^x  +  'zs%  ("z  +  ‘i’)  -  'ys“y"z]  *  +  ['ys%  +  'xs“x“z 
-l„0)x(a)z  +  <|))]j  +  1^3((0z  +  <l))k 


(D-169) 


The  moment  sum  *^Os  about  point  Os  is  now  found  with  the  help  of  the  free  body 
diagrams  of  figures  D-5a  and  D-5b  (also  refs  1  and  2). 


~  ^  ■  ^Pf3*^z3*^  (%2^p2  ' 

^  (^23'^X2  ■*■  P®2R^23^NX2)  (*-u^  ■*■  Ps^)  ^  (■^y3J  ■*■  P*^y3u') 

4.  (L/  4  pj)  X  (-F,3j  -  pF^3  j)  4  (-L^k  -  pj)  X  (F^jJ  -  pF^3j) 
4(-L,k-p3i)x|F^3j4pF^3j) 


(D-170) 


The  term  -ppfaF^a  represents  the  thrust  friction  moment  due  to  force  F^a  (eq  D-168). 
The  term  stands  for  the  thrust  friction  radius  of  the  escape  wheel  pivot.  Further,  the 
unit  (vector  Hp^)  is  given  by  equation  G-50  of  reference  5.  The  subscript  s  is  now  used 
with  the  angle  <(>. 


Then,  with  equation  D-145  and  D-147  and 
np2  =  cos(<t)3  +  6p2)i  +  sin(Ps  +  6p2)j 
equation  D-170  becomes 

~  '^n  ^^1  ■  ^  '  PPf3^z3*^  %2^23(^p2  ^  ^X2) 

+  ap2PS2Rf^23  ('^p2  ^  '^NX2)  '  Pp2^®2R^23  ('^X2  ^  ^NX2)  Ps^) 

*  (■''xs J  *  I'-u''  PpO  *  i-^xa J  ■  PFxaJ)  +  (-k^  ■  Pj) 

X  ('"ysJ  •  Pl'yaLO  *  (•k''  +  P3O  X  (kaJ  +  PkaJ) 


(D-171) 
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with 


np2  X  n\2  =  [cos  ((l)s  +  ^2)  •  +  sin  (l>,  +  *p2)j]  x[cosA.2i  +  sin>.2j] 

=  [cos  (4>s  +  5p2)  sinX2  -  sin  |<|)^  +  8p2)cos>.2]  k  =  sin  (X2  -  (t)s  -  5p2)  k 
hp2  X  nNX2  =  [cos  ((t)s  +  6p2)  i  +  sin  ((>5  +  5p2)  j]  x  [-sinX2i  +  cos^2j] 

=  cos  (<t)s  +  Sp2)  cosA.2  +  sin  ((()s  +  5p2)  sin>.2  =  cos  (>.2  -  (t>s  -  5p2)  k 

1^X2  ^  f^NX2  =  k 

Subsitution  furnishes 

Mos  =  *Pn(Ai  -  B^nisJ  k  -  upfsFzsk  +  ap2F23  sin  (>.2  -  <|)s  -  5p2)  k 

*  ®P2^^2R'"^3«0S(*■2  •  1>s  •  Spa)'*-  Pp2t*S2R'"23'' ■  •  PsP'^xSu'' 

-  P3)J.Fy3Lk  -  P3}lFx3Lk  +[LuFy3u  +  LuP-FxSu  +  LLFy3L  +  Ll^Fxsl]  i 


+  [LupF y3u  *  LuF x3u  +  1-Lp.F y3L  -  LlF x3l]  j 


or 


Mqs  —  [LuF y3u  +  l-ufiF x3u  +  LlF ySL  +  LlpF x3l]  i  +  [LupF y3y  -  L^F x3u 


+  LLpFy3L  -  LlFx3l]  j  +  .-  Pn  (a^  -  6,^104)  +  ap2F23  [sinf^-g  -  <t>g  -  Spg) 

+  ■  ^pa)]  ■  ^2RPp2^23  ‘  P^Pf3^z3  "  P3P^^y3u  '  P3P^^x3u 


-  p3pFy3L  -  pspFxSl]  k 


(D-172) 
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Substitution  of  equation  ^2  into  equation  D-169  leads  to  the  following 
moment  component  expressions 

LupFx3u  +  LuFy3u  +  Ll(iFx3L  +  LLFy3L 

=  Ixs^x  izs^y  (®z  4^)  “  lys^'^^z  (D-173) 

■  *-u^x3u  ■  ^L^x3L  *-L*^^y3L 

=  lysO)y  +  Ixs^x^l^z  *  lzseJx(ws  +  (D-174) 

-  Pn  (a,  -  B1P1S4)  +  ap2F23  [sin  (^2  -  (|>S  -  Sp2)  pS2fC0S  (X2  -  05  -  5p2)] 

-  pS2rpp2F23  *  PP(3Fz3  '  PP3  [Fx3u  +  Fy3u  +  Fx3l  +  FyS'J 

=  lzs(coz+(l))  (D-175; 

Simplification  of  Force  and  Moment  Equations  and  Determination  of 
Escape  Wheel  Pivot  Forces 

To  solve  for  the  pivot  forces  Fxsu,  Fy3u,  Fxsl.  and  Fy3L,  the  X  and  Y  com¬ 
ponents  of  the  force  and  moment  equations  must  be  rewritten  in  an  appropriate  form. 

X-Component  of  Force  Equation 

Equation  D-166  becomes 

^x3u  ”  '^^y3u  ■  ^x3L  ^^y3L  “  *^n^33R  ^23^34R  ^35R 

where 

A33R  =  PiS4COs(\|r  +  a  +P3)  -  sin  (\j/  +  a  +  Ps)  (D-177) 

A34R  =  cosXg  -  ^S2RSinX2  (D- 1 78) 

A35R  =  '  Nxm3  (D-179) 
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Y-Component  of  Force  Equation 
Equation  D-167  becomes 

1iFx3u  +  Fy3u  '  M-Fx3L  '  Fy3L  =  PnA36R  +  F23A37R  +  A38R 

where 

A36R  =  cos  (v  +  a  +  Pa)  +  4iS4  sin  (v  +  a  +P3) 

Agyp  —  sinX2  +  |JS2pCosX2 
A38R  =  -  Nyfris 

Z-Comoonent  of  Force  Equation 

Equation  D-168  cannot  be  further  simplified. 

^-QflfTTjaonem  Qf-MorpeatEquation 

Equation  D-173  becomes 

pLuFx3u  +  LuFy3u  +  M-LlFx3L  +  UFySL  =  A39R  +  A40R<t) 

where 

A39R  =  IxsOJx  +  COyCOz  (Izs  ■  lys) 

A40R  =  lzs®y 

Y-Comoonent  of  Moment  Equation 
Equation  D-174  becomes 

*  I-uFx3u  +  l-uJ>lFy3u  -  LlFx3L  +  l-LlxFySi,  ss  A41R  +  A4ir((> 

where 

A4IR  =  lyscby  +  COxCOz(ixS  *  Izs) 

A42R  =  ■  Izs^x 
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(D-180) 

(D-181) 

(D-182) 

{D-183) 

(D-184) 

(D-185) 

(D-186) 

(D-187) 

(D-188) 

(D-189) 


For  present  purposes  equation  D-175  remains  as  it  is. 

Solution  of  Escape  Wheel  Pivot  Forces.  To  derive  expressions  for 
the  escape  wheel  pivot  forces,  equations  D-176,  D-180,  D-184,  and  D-187  must  be 
solved  simultaneously.  To  obtain  the  same  general  form  as  in  equation  D-67, 
equations  D-186  and  D-180  are  multiplied  by  (-1).  The  resulting  form  may  then  use 
the  solution  to  equation  D-167.  Note  that  An  in  equation  D-67  is  now  replaced  by  p. 
Then 


where  now 


Bs4r  (D-190) 


Bsir  =  -[PnAaSR  +  P23A34R  +  A35R] 


(D-191) 


®s2r  ®  [*^n^36R  ^23^37R  ^38r] 


(D-192) 


®s3r  ~  ^39R  ^40R^ 


(D-193) 


®s4r  ^41R  ^42R^ 


(D-194) 


The  solution  for  the  coefficient  determinant  D  of  equation  D-190  is  identical  to 
equation  D-72.  With  An  now  equal  to  p,  the  following  parallel  to  equation  D-75  is 
obtained 


D  =  [(Lu  +  k)  (1  +  p2)]2 


(D-195) 


The  pivot  force  Fx3u  is  obtained  from 


F  x3u  = 


-  PFx3u 


(D-196) 
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where 


DFx3u 


Bx1r 

P 

1 

-P 

Bs2r 

-1 

P 

1 

Bs3r 

U 

pLl 

Ll 

Bs4r 

pLo 

-k 

pLl 

(D-197) 


If  |j,  is  substituted  for  An  in  equation  D-77,  the  identical  form  as  above  is  obtained  and 
the  solution  of  equation  D-80  can  be  adapted 

^Fx3u  +  LL)[-LLBsir  "  pLLBs2r  +  M-Bs3r  •  Bs4r]  (D-198) 

Now  equations  D-191  to  D-194  are  substituted  into  the  above  expression  and  the 
coefficients  of  similar  terms  are  collected.  In  order  to  get  conservative  pivot  and  pivot 
friction  forces,  the  latter  terms  are  made  absolute.  Finally,  the  tilded  force  Fx3u  is 
obtained  from  the  appropriate  change  of  equation  D-196 


1 


DFx3u  _ _ 

D  (Lu  +  Ll)(i+p2) 


[CaiR  +  C22RPn  +  C23RF23  +  C24R4>] 


where 


(D-199) 


C2IR  =  |LlA35R  -  A41R  +  P  (LlAssr  +  A39r)  |  (D-200) 

C22R  =  |Ll(A33R  +  PA36r)  I  (D-20 1 ) 


C23R  =  |Ll(A34R  +  PA37r)  I 

C24R  =  I  PA40R  -  A42r| 
Evaluation.  Of  Pivot  Force  Py3u 

The  pivot  force  Fy3u  is  obtained  from 


(D-202) 

(D-203) 

{D-204) 
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where 


^Fy3u 


-1 

Bs1r 

1 

-p 

Bs2r 

1 

pLu 

Bs3r 

fll-L 

Ll 

-u 

Bs4r 

-k 

4Ll 

{D-205) 


Since  the  form  of  the  above  is  the  same  as  that  of  the  determinant  of  equation  D-89, 
equation  D-90,  which  represents  the  solution  of  the  latter,  may  be  adapted  as  follows 


)(^u  ‘  ^®s3r  '  ®s4r] 

X9U 


(D-206) 


Again,  substitue  the  Bsir  terms  of  equations  D-191  to  D-194,  collecUhe  coefficients  of 
similar  terms,  and  make  the  result  absolute.  The  tilded  pivot  force  Fysu  then  becomes 
parallel  to  equation  D-199 


^Fy3u  _ _ 1_ 

D  “(Lu  +  Ll)(i 


CaSR  +  026RPn  +  C27Rp23  +  C28R<I>] 


where 


^25R  ”  l*-L^38R  ^39R  l4^41R  '  *-L^35r)I 
C26R  =  |Ll(A36R  -  ^A33r)| 

C27R  =  |Ll(A37R  -  PA34r)| 

C28R  =  IA40R  +  |iA42R| 

Evaluation  of  Pivot_Force 

The  pivot  force  Fx3l  is  obtained  from 

Fx3L=^ 


(D-207) 

(D-208) 

(D-209) 

(D-210) 

(D-211) 


{D-212) 
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Since  the  form  of  the  above  is  the  same  as  that  of  equation  D-98,  equation  D-100  may 
be  adapted 


=  (Uj  +  +  M-^)[LuBs1r  +  pLuBs2r  +  M-Bs3r  "  Bs4r]  (D-214) 


Again,  the  Bsu  terms  are  substituted  according  to  equations  D-191  to  D-194  and  the 
requisite  work  obtains  the  tilded  determinant  Dp^ai..  Then 


Fx3L  «  - ;r[c29R  +  CaoRPn  +  C31RF23  +  C32R<j>] 

D  (Lu  +  Ll)(1 +p2) 


(D-215) 


where 


C29R  =  Ip{A39R  -  LuA38r)  -  LuA35R  *  A41RI 


(D-216) 


C30R  =  |Lu(A33R  +  PA36r)1 


(D-217) 


C3IR  =  |Lu(A34R  +  PA37r)| 


(D-218) 


C32R  =  IPA40R  -  A42R1 


(D-219) 


The  pivot  force  Fy3L  is  obtained  from 


where 


DPySL 


-1 

P 

1 

Bs1r 

•p 

-1 

P 

Bs2r 

pLu 

Lu 

pLl 

Bs3r 

-Lu 

pLu 

-Ll 

Bs4r 

(D-221) 


Since  the  form  of  the  above  is  the  same  as  that  of  the  determinant  of  equation  D-108, 
equation  0-110  may  be  adapted  to  the  present  situation,  therefore 


DpySL  “  Ll)(1  +  M-^)["PUjBslr  +  LuBs2r  +  Bs3r  +  M-Bs4r] 


(D-222) 


The  Bsir  terms  are  now  substituted  according  to  equations  D-191  to  D-194,  terms  are 
collected  and  the  tilded  pivot  force  is  defined 


p  _  ^Py3L  _ 

D  “(U  +  Ll)(1+p2) 


± 


[O33R  +  C34RPn  +  C35RF23  +  C36R<|>] 


(D-223) 


where 


C33R  =  Ip(A41R  +  UjAssr)  +  A39R  -  LuA38r| 


(D-224) 


C34R  =  (Lu(pA33R  -  A36r)( 

(D-225) 

C35R  =  |Lu(pA34R  -  A37r)| 

(D-226) 

C36R  =  IA40R  -  PA42R| 

(D-227) 
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Determiniation  of  Contact  Force  in  Terms  of  Escape  Wheel  Parameters 
(Round’on-Round  Contact) 

Substitution  of  Conservative  (Tiided)  Pivot  Forces  into  the  z-Component 
of  the  Moment  Equation.  Again,  let  the  sum  of  the  tiided  pivot  forces  be  first  deter¬ 
mined.  Subsequently,  this  expression  Is  substituted  into  the  moment  equation  D-175. 
Then 


Fx3u  Fy3u  +  Fx3L  +  Fy3L  =  A43R  +  A44RPn  +  A45RF23  +  A46R<j>  (D-228) 


where 


(D-229) 

A  C2IR  +  C25R  +  C29R  +  C33R 

■  U(TTi7) 

(D-230) 

A  C22R  +  C26R  +  CaoR  +  C34R 

-  Lt(1  +P^) 

(D-231) 

A  C23R  +  C27R  +  C3IR  +  C35R 

<5n  -  Lt(1  +p^) 

(D-232) 

A  C24R  C28R  +  C32R  +  C36R 

''46R  -  Lt(1  +P^) 

(D-233) 

Equation  D-228  is  now  substituted  Into  equation  D1 75. 
is  made  conservative,  i.e. 

Further,  F^g  of  equation  D-168 

Fz3  =  A47  =  |Nzm3| 

(D-234) 

Equation  D-175  then  becomes 

'Pn(A/  -  +  Fjg  ap2  (sin{A.2  -  <j)s  -  5p2)  +  pS2rCOS  (X2  -  0s  *  8p2)) 

I^S2RPP2F23  *  M-Pf3A47  -  pp3  [A43R  +  A44RP n  +  A45RF23  +  A46R0] 


=  IzsCPz  +  Izs0 
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(D-235) 


The  above  expression  must  now  be  solved  for  Pn.  Before  this  is  possible 
consider  the  sign  of  the  friction  moment  component 


-pp3A46R<t>  (D-236) 

Since  a  reversal  of  gear  train  motion  after  impact  will  again  be  expressed  by  letting  p 
become  negative,  as  described  originally  in  appendix  E  of  reference  4,  equation  D- 
236  is  modified  to  read 


<f) 

■pp3A46Rpr 

w 


(D-237) 


In  this  way,  the  sign  of  p  alone  dev-ides  the  direction  of  this  friction  torque  component. 
Pn  is  then  obtained  from  equation  D-235 


Pn  [-A^  +  B,piS4  -  PP3A44R]  +  F23[ap2(sin(X2  -  0s  ■  Spa) 


PS2RCOS  {X.2  -  0s  -  5p2})  -  |XS2RpP2  -  PP3A45R]  '  PP3A46R^ 

w 


-  P  [pf3A47  +  P3A43RJ  =  Izs0  +  IzsWz 


Then 


•2 

P  _  Izs0  +  A48R0  +  F23A49R  +  A50R 
Asin 


where 


A48R  = 


PP3A46R 


(D-238) 


(D-239) 


(D-240) 


A49R  =  p(S2RpP2  +  P3A45R)  -  ap2[sin(X2  -  0s  -  Sp2) 


+  pS2RCOs(^2  -  0s  -  Spa)] 


(D-241) 
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AsOR  =  IzsWz  +  M  [Pf3A47  +  P3A43R] 


(D-242) 


A51R  =  B,m.iS4  -  -  W>3A44r  (D-243) 

Combined  Entrance  Coupled  Motion  Differentiai  Equation  with 
Mesh  2  in  Round-on-Round  Contact 

Equations  D-140  and  D-239  are  now  set  equal  to  each  other.  This 
furnishes  the  following  combined  coupled  motion  differential  equation  for  the 
escapement  under  entrance  conditions  and  with  mesh  2  in  round-on-round  contact. 

[AsirIrrU  -  A2glzs]  4>  +  [Asir  (A32U^  +  IprV)  -  A29A48R]  ^ 


+  A51rA3iU<)>  *  F23A29A49R  +  A29ASOR  -  A51R  (A9  +  A30) 


+  A5iRmprcfj(KxSin(3  -  KyCOSp)  (D-244) 

Force  Equations  for  Escape  Wheei  and  Pinion  No.  3  with  Mesh  2  in 
Round-on-Flat  Contact  (see  reference  5  for  clock  tooth  force  analysis  background) 

The  action  of  the  contact  forces  Pp  and  F23F.  together  with  their  associ¬ 
ated  friction  forces,  on  escape  wheel  and  pinion  no.  3,  when  mesh  no.  2  Is  in  round- 
on-flat  contact  is  shown  in  figure  D-6a.  Figure  D-6b  is  identical  to  figure  D-5b,  which 
showed  a  free  body  diagram  of  the  escape  wheel  pivot  shaft.  As  for  the  round-on- 

round  contact,  equations  (D-141)  to  (D-144)  for  the  unit  vectors  i',  j',  fft,  and  On  are 
applicable. 

The  round-on-flat  contact  force  F23F  has  the  direction  of  the  unit  vector 

^NF2'  that 


F23F  =  F23FnNF2 


(D-245a) 


where 


nNF2  =  -sin(<|)s  -  ap2)  i  +  cos{4>s  -  ap2)  j 


(D-245b) 


(eq  G-65,  ref  5), 

The  associated  friction  force  is  given  by 


Ff23F  =  M-S2FF23FnF2 


(D-246) 


where,  according  to  equation  G-64  of  reference  5 

nF2  =  cos(<|)s  -  apa)  i  +  sin(<l)s  -  apa)  ]  {D-247) 

The  signum  function  sap  is  defined  with  the  help  of  equation  F-58  of  appendix  F 

(D-248) 

The  force  equation  for  the  escapewheel  is  again  based  on  equations  D-149  and  D- 
161.  With  the  help  of  figures  D-6a  and  D-6b  the  following  vectorial  expression  may  be 
written 

-RnTTn  -  |XlS4Pnnt  +  Fa3FnNF2  +  pSaFFa3FnF2  +  Fzsk  -  Fx3ui 
*  F y3uj  -  pF x3uj  +  pF y3|ji  +•  F x3Li  +  F y3|j  +  pF x3 J  -  pF y3Li 

=  (Nxl  +  Nyj  +  N2i^m3  {D-249) 

Substitution  of  the  appropriate  unit  vectors  according  to  equations  D-143  and  D-144 
as  well  as  D-245  and  D-247  gives 

-Pr(sin(\|/  +  a  +  P3)  i  -  cos{\j/  +  a  +  P3)  j]  *  PiS4Pn  [-cos(v  +  a  +  I33)  i 

-  sin(\|r  +  a  +  Ps)  j]  +  Fasi^-sinf^s  -  apa)  i  +  cos(<l)s  -  apa)  j] 

+  psaFFa3F[cos{<j>s  -  apa)  i  +  sin  ((|)s  -  ap2)  j]  +  Fzsk  -  Fx3ui  -  FyaJ 

-  pFxSuj  pFy3ui  +  Fx3Li  +  Fy3ij  +  pFxsij  -  pFyati 

=  (Nxi  +  Nyj  +  Nzkjma  (D-250) 

This  leads  to  the  following  force  component  equations 

-  PnSin  (v  +  a  +  P3)  +  piS4PnCos  (v  +  a  +  P3)  -  Fa3FSin  (({)s  -  apa) 

+  psapFaspcos  ((l>s  -  apa)  -  Fxsu  +  pFySu  +  Fxsl  -  pFy3L  =  Nxma  (D-251 ) 
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Pncos  (v  +  a  +  pa)  +  niS4PnSin  (y  +  a  +  pa)  +  Faapcos  {(^s  -  otpa) 

+  ^S2FF23FSin  ((j>s '  ap2)  -  Fy3u  -  ^Fxau  +  Fyat  +  ^iFxai  =  Nyina  (D-252) 

Fza  =  Nzma  {D-253) 

Moment  Equations  for  Escape  Wheel  and  Pinion  No.  3  with  Mesh  2 
in  Round-on-Flat  Contact 

The  general  moment  expression  D-169  is  also  applicable  here.  The 

moment  sum  Mog  for  the  round-on-flat  contact  must  now  be  found  with  the  help  of  the 
free  body  diagrams  D-6a  and  D-6b 

=  -Pn (Ai  -  BiPiS J  k  -  UPfgF^gk  +  g/np2 x  FggpFn^  +  (L^k  +  p  J) 

^  (■f'ya  J  +  MFy3,i)  +  (L^k  +  pgi)  X  -  pF^g  j)  +  (-L^k  -  p  J) 

X  (FyaU  -  pFyaLi)  +  (-Lik  -  pai)  x  (-Fxa J  +  pFxsJ)  (D-254) 

For  an  explanation  of  the  term  -ppfsFzak,  see  the  discussion  following  equation  D-170. 
Since 

TTf2  X  fTNF2  =  k  (D-255) 

equation  D-254  may  be  rewritten  as  follows 

Mog  =  [l-yF yau  +  l-upF x3u  +  I-lF y3L  +  l-LpF xai]  •  +  [LuPF y3u  ■  LuF xau 

+  l-LPFy3L  -  kFx3L]  j  +  -PnlA,  -  B1P1S4)  +  g2F23F  '  Ppf3Fz3  -  pSpFyau 
-  P3PFx3u  -  P3PFy3L  -  P3PFx3l]  k  {D-256) 
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Substitution  of  equation  D-255  into  equation  D-169  leads  to  the  following 
moment  component  expressions 

l-uPf"  x3u  +  LuF  y3u  +  l-LPf"  x3L  +  y3L 


=  Ixsti^  +  Izs^  (®Z  +  4*)  ■  lys®ytOz 

(D-257) 

■LlF" X3U  +  LuPF y3u  -  LlF x3L  +  LlJlF y3L 

=  lysCOy  +  Ixs^l^^lJz  "  IzS^^^X  (c>lz  + 

(D-258) 

•Pfi  ^^1  ■  ^23f92  ■  ^^Pf3^z3  ■  f^P3  [^x3u  ^y3u  ^x3L 

=  •„  (“z 

(D-259) 

Simplification  of  Force  and  Moment  Equations  and  Determination  of  Escape 
Wheel  Pivot  Forces 

To  solve  for  the  pivot  forces  Fx3u.  FySu.  Fxsl,  and  FysL  the  X  and  Y  components 
of  the  force  and  moment  equations  must  be  rewritten  in  an  appropriate  form. 

X-Component  of  Force  Equation. 

Equation  D-251  becomes 

^x3u  '  ^^y3u  '  ^x3L  ^^y3L  “  ^n^33F  ^23^34F  '*‘^35F 

where 

(D-260) 

^33F  *  (V  +  «  +  P3)  -  sin  (i|r  +  a  +  pg) 

(D-261) 

A34F  =  ■  «P2)  +  ^^SgpCOS  ((1)^  -  Opg) 

(D-262) 

AasF  = 

{D-263) 
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Y-Component  of  Force  Equation. 

Equation  D-252  becomes 


^^x3u  ^y3u  ■  '  ^y3L  “  *^n^36F  "*■  ^23^37F  ■'■^38F 

where 

(D-264) 

A36F  *  cos  (v  +  a  +  P3)  +  M,  V'”  (V  +  Ot  +  P3) 

(D-265) 

A37F  =  cos  (<|)^  -  apg)  +  ^iSjpSin  (<|)^  -  ttpj) 

(D-266) 

^38F  “  '^y*^3 

Z-Component  of  Force  Equation. 

Equation  D-253  cannot  be  further  simplified. 

X-Component  of  Moment  Equation. 

Equation  D-257  becomes 

(D-267) 

^‘^^u^x3u  ^u*^y3u  ^*^^L^x3L  ^L*^y3L  “  ^39F  ^40F^ 

where 

(D-268) 

V  =  KA  *  ('„  - 1„) 

(D-269) 

^40F  " 

Y-Component  of  Moment  Eouation. 

Equation  D-258  becomes 

(D-270) 

‘*"u^x3u  ^u^*^^y3u  ’  ^L^x3L  *"L^^^y3L  “  ^41 F  ^42F^ 

where 

(D-271) 

*4iF  =  <'«.  ■  '»> 

(D-272) 
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(D-273) 


Z-Component  of  Moment  Equation. 

For  present  purposes  equation  D-259  remains  as  it  is. 


Solution  of  Escape  Wheel  Pivot  Forces.  To  derive  expressions  for 
the  escape  wheel  pivot  forces,  equations  D-260,  D-264,  D-268,  and  D-271  must  be 
solved  simultaneously.  To  obtain  the  same  general  form  as  in  equation  D-67, 
equations  D-260  and  D-264  are  multiplied  by  (-1).  The  resulting  form  may  then  use 
the  solution  to  equation  D-67.  Note  that  An  in  equation  D-67  is  now  replaced  by  p. 
Then 


-1 

1 

-11 

F  x3u 

Bsif 

-1 

1 

F  y3u 

Bs2f 

pLu 

Lu 

pLl 

Ll 

Fx3L 

Bs3f 

-Lu 

pLu 

•k 

pLl 

Fy3L 

Bs4f 

where 


(D-274) 


Bsif  =  •  [PnAasF  +  F23A34F  +  A35f] 
Bs2f  =  *  [PnAaSF  +  F23A37F  +  A38f1 


(D-275) 

(D-276) 


Bs3f  =  A39F  +  A40F<t) 


(D-277) 


Bs4f  =  A41F  +  A42F<|> 

Evaluation  of  the  Coefficient  Determinant  P. 


{D-278) 


The  solution  for  the  coefficient  determinant  D  of  equation  D-274  is  identical  to 
equation  D-72.  With  An  now  being  equal  to  p,  the  following  expression,  parallel  to 
equation  D-75,  is  obtained 

D  =  [  (Lu  +  k)  (1  +  p2)  ]  2  (D-279) 

EygiuijiiQn_pf  pjvQt  Fore?  Fx3u 

The  pivot  force  Fx3u  is  obtained  from 


Fx3u  = 


-  DFx3u 


(D-280) 
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where 


Df 


x3u  ~ 


Bsif 

1 

-P 

Bs2f 

-1 

P 

1 

Bs3f 

Lu 

pU 

Ll 

Bs4f 

pLu 

-Ll 

pLl 

{D-281) 


If  |i  is  substituted  for  An  in  equation  D-77,  the  identical  form  as  above  is  obtained  and 
the  solution  of  equation  D-80  can  be  adapted 


*^Fx3u  =  +  l-L)[-L.LBs1f  *  pLLBs2f  +  pBs3f  -  Bs4f] 


(D-282) 


Now  equations  D-275  and  D-278  are  substituted  into  the  above  expression  and  the 
coefficients  of  similar  terms  are  collected.  In  order  to  get  conservative  pivot  and  pivot 
friction  forces,  the  latter  terms  are  made  absolute.  Finally,  the  tilded  force  Fxsu  is 
obtained  from  the  appropriate  change  of  equation  D-280 


Fx3u  *  - 5r[c21F  +  C22FPn  +  C23fF23F  +  C24F<I>] 

D  (Lu  +  Ll)(i +p2)  (D-283) 

where 


C21F  =  ILlAssf  -  A41F  +  p  (LlAssf  +  A39F)  1 

(D-284) 

C22F  =  |Ll  {A33F  +  pA36f)  I 

(D-285) 

C23F  =  |Ll  (A34F  +  PA37F)  1 

(D-286) 

C24F  =  IPA40F  -  A42FI 

(D-287) 
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The  pivot  force  Fy3u  is  obtained  from 
F^a-  — 


(D-288) 


where 


■y3u  = 


-1 

Bsif 

1 

•P 

-p 

Bs2f 

F 

1 

pLu 

Bs3f 

PLl 

Ll 

-k 

Bs4f 

-k 

Pi-L 

(D-289) 


Since  the  form  of  the  above  is  the  same  as  that  of  the  determinant  of  equation  D-88b, 
equation  D-90,  which  represents  the  solution  of  the  latter,  may  be  adaptedas  follows 


sH  •  UBs2f  +  Bs3f  +  pBs4f] 


(D-290) 


Again,  substitue  the  Bsi  terms  of  equations  D-275  to  D-278,  collect  the  coefficients  of 
similar  terms,  and  make  the  result  absolute.  The  tilded  pivot  force  Fy3u  then  becomes 
parallel  to  equation  D-201 


D  (Lu  +  Ll)(i +p2) 


[c25F  +  C26FPn  +  C27fF23F  +  C28F<I>] 


where 


C25F  =  IUAsSF  +  A39F  +  P(A4if  -  LlA35f)  I 
C26F  =  |Ll  (A36F  ■  PA33f)  I 
C27F  =  Ik  (A37F  -  ^A34f)  I 
C28F  =  IPA40F  +  PA42f1 


(D-291) 

(D-292) 

(D-293) 

(D-294) 

(D-295) 
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The  pivot  force  Fxsl  is  obtained  from 


F,3L-^ 

where 


-1 

P 

Bsif 

-P 

-p 

-1 

Bs2f 

1 

pU 

Lu 

Bs3f 

Ll 

-U 

'Lu 

Bs4f 

pLl 

(D-296) 


(D-297) 


Since  the  form  of  the  above  is  the  same  as  that  of  equation  D-98,  equation  D-100 
may  be  adapted,  i.e. 


+  (D-298) 

Again,  the  Bgi  terms  are  substituted  according  to  equations  D-275  to  D-278  and  the 
requisite  work  obtains  the  tilded  determinant  Then 


Fx3L  =  —7^  =  Z - —77- - ^[c29F  +  CaopPn  +  C31FF23F  +  C32F<|)] 

(Lu  +  Ll)(1 

where 

C29F  =  Ip  (A39F  -  LuA38f)  -  LuA35F  -  A41  I 
C30F  =  |Lu  {A33F  +  pAssf)  I 
C3IF  =  |Lu  (A34F  +  PA37f)  I 


(D-299) 


(D-300) 

(D-301) 

(D-302) 


C32F  =  |pA40F  -  A42FI 


(D-303) 


Evaluation  of  Pivot  Force  FysL. 


The  pivot  force  Fyst  is  obtained  from 


Fy3L  = 


*^Fy3L 

D 


9 


-1 

P 

1 

Bsif 

-1 

P 

Bs2f 

pLu 

Lu 

pLi 

Bs3f 

-Lu 

pLu 

-Ll 

Bs4f 

(D-304) 


(D-305) 


Since  the  form  of  the  above  is  the  same  as  that  of  equation  D-108,  equation  D-1 10 
may  be  adapted  to  the  present  situation,  therefore 


^Fy3L=  (l-u  +  i-L)(l  +  +  LuBs2f  +  Bs3f  +  M.Bs4f] 


(D-306) 


The  Bsi  terms  are  substituted  according  to  equations  D-275  to  D-278,  terms  are 
collected  and  the  tilded  pivot  force  is  defined 


F  ^^y3L  _ 1 _ 

D  -(L„  +  Li)(1+h2) 

where 

^33F  “  I  K^41F  *-u^35f)  ^39F  ’  *-u^38f1 

C34F  =  lU  (pA33F  -  A36F)  I 
C35F  =  |l-u  (PA34F  -  PA37F)  I 
C36F  =  IA40F  +  klA42Fl 


C33F  +  C34FPn  +  C35FF23F  +  C36F<l) 


(D-307) 

(D-308) 

(D-309) 

{D-310) 

(D-311) 
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Determinations  of  Contact  Force  Pn  in  Terms  of  Escape  Wheel 
Parameters  (Round-on-Flat  Contact) 

Substitution  of  Conservative  (Tilded)  Pivot  Forces  into  the  z- 
Component  of  the  Moment  Equation.  Again,  let  the  sum  of  the  tilded  pivot  forces 
be  first  determined.  Subsequently,  this  expression  is  subsituted  into  the  moment 
equation  D-259.  Then 

^x3u  ^y3u  ^x3L  ^y3L  “  ^43F  ^44F^n  ^45F^23F  ^46F^  (D-31  2) 


where 


^43F  " 


A44P  = 


^45F  “ 


U  *-L 

(D-313) 

C21F  +  C25F  +  C29F  +  C33F 

Lr(1 

(D-314) 

C22F  +  C26F  +  C30F  +  C34F 

uTTr?! 

(D-315) 

C23F  +  C27F  +  C31F  +  C35F 

Lt(1 

(D-316) 

C24F  +  C28F  +  C32F  +  C36F 

CTTm?) 

(D-317) 

Equation  D-312  is  now  substituted  into  equation  D-259.  As  earlier,  for  round-on-round 
contact  the  force  F^  of  equation  D-253  is  made  conservative,  i.e. 


F„-A„.|N,m3l 
Equation  D-259  then  becomes 


(D-318) 


-Pn  'vA^  -  B1P1S4)  -  F23Fg2  -  PPf3A47F  *  PP3  [A43F  +  A44FPn 
+  A4SFP23F  +  A46F<|>]  «  IzsWz  +  lzs<l> 


(D-319) 
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Similar  to  what  was  done  in  equations  D-236  and  D-237,  and  for  the  same  reasons, 
indicated  near  these  expressions,  the  friction  moment  term  above  is  now 

modified  to  read 


-PP3A46F  TT 

Equation  D-31 9  then  becomes 


(D-320) 


»n[-Ai  +  B; 


BiPiS4  -  PP3A44f]  +  F23Fg2  ’  PP3A46F  ^ 

w 


P  [pf3A47F  +  P3A43F]  =  lzs<l)  +  Izs^z 


(D-321) 


Finally,  the  above  furnishes  the  contact  force 

•2 

r,  lzs<l>  +  A48F<I>  +  F23FA49F  +  A50F 
'  n  ® - 7 - 

A51F 


where 


(D-322) 


.  _  PP3A46F 

\9F  “  '02 

A50F  =  IzstOz  +  P  [pf3A47F  +  P3A43F] 

^51F  “  ®1  ‘  *  f^P3\4F 


(D-323) 

(D-324) 

(D-325) 

(D-326) 


Combined  Entrance  Coupled  Motion  Differential  Equation  with  Mesh  2  in 
Round*on-Flat  Contact 

Equations  D-140  and  D-322  are  now  set  equal  to  each  other.  This  furnishes 
the  following  combined  coupled  motion  differential  equation  for  the  escapement  under 
entrance  conditions  and  with  mesh  2  in  the  round-on-flat  phase  of  contact 
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2 

[^51F*PR^  ■  ^29*zJ  ^  ^51F  ^^2*^  '  ^29^48F.  ^ 


^BIfAbiF^^  ~  ^23F^\9F  ■*■  ^29^50F  ‘  ^51 F  (^9  *  ^3o) 

+  A51Ff^p''cp(^x®''^P  ■  KyCOSP)  (D-327) 

Pallet  and  Escape  Wheel  In  Exit  Coupled  Motion 
Pallet  Equations 

The  free  body  diagram  of  the  pallet  for  exit  coupled  motion  is  given  by  figures 
D-7a  and  D'7b.  Now  (see  refs  1  and  2) 

P  =-Pn  (D-328) 

This  sign  change  will  be  reflected  both  in  the  force  and  in  the  moment  expressions.  The 
following  shows  the  relevant  changes  in  equations  D-23  and  D-140. 

Changes  in  Force  Equations  of  Pallet 

Equation  D-24  is  modified  to  accommodate  equation  D-328.  The  associated 
friction  forces  have  their  directions  determined  by  the  signum  functions  s^  and  Sg,  as 


before.  Therefore,  equation  D-24  is  changed  in  its  first  term  only 

-P„'’„  +  M,S4P„S,+ .  (D-329) 

With  the  unit  vectors  of  equations  D-25  and  D-26,  the  x -force  equation  D-27  is  modified 
to 

P^sin(\|r  -F  a)  +  p^s^P^coslxy  +  a)  -  + .  (D-330) 

The  terms  in  the  y '-expression  D-28  are  changed  as  follows 

-P^cos(\|/  +  a)  +  p^s/^siniv  +  a)  -  + .  (D-331 ) 

The  expression  for  F^.  remains  as  given  by  equation  D-29. 
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=  “1^5 


(Thrust  friction 
torque ) 


Pallet  rotates  cw. 

The  actual  directions  of  the 


Figure  D-7b.  Pallet  in  exit  coupled  motion.  Normal  forces,  friction  forces,  and  thrust 
friction  torque  acting  on  pallet  pivots. 


Changes  in  Moment  Equations  of  Paiiet 

The  form  of  Pn.  according  to  equation  D-328,  also  reflects  itself  in  the 
expression  for  Mop  (eq  D-31).  Therefore,  for  the  exit  case 

Mop  =  DiPnk'  -  |iiS4CiPnk' .  (D-332) 

Simpiification  of  Force  and  Moment  Equations  and  Determination  of 
Paiiet  Pivot  Forces 

X -Force  Component 

Due  to  the  change  shown  in  equation  D-330,  the  parameter  Aie  in 
equation  D-48  must  be  changed  to  become 

AAi6  =  -  [P1S4COS  (\|r  +  a)  -  sin  (y  +  a)]  (D-333) 

y -Force  Component 

Similarly,  because  of  the  change  in  equation  D-331 ,  the  parameter  A21  in 
equation  D-55  must  be  changed  to 

AA21  =  •  [p.iS4Sin  {\y  +  a)  -  cos  (\|f  +  a)  ]  (D-334) 

z'-Force  Component 

The  z'-force  component  remains  as  that  given  by  equation  D-61 ,  as 

Stated  earlier. 

x  -  and  v'-Momenl  Component  Equations 

The  x'-  and  y'-moment  component  equations  remain  unchanged  from 
equations  D-64  and  D-65,  respectively,  since  they  do  not  contain  Pn. 

g -Moment  Component  Equation 

Because  of  the  changes  shown  in  equation  D-332,  the  z'-moment 
compor.wiit  expression  D-66  must  now  be  modified  to  read 

■Pn  +  P1S4C.1}  -  PfAi'jFz'  -  PpAuFy'u  -  ppAiiF x'u 

■  PpAuFy'L  *  PpAnFx'L  =  'mprcpfKxSinp  -  Kycosp)  +  Ag  +  Aio^y  (D-335) 
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Solution  of  Pallet  Pivot  Forces.  The  solution  for  the  pivot 
forces  Fx  u.  Fy  u.  Fx  l.  and  Fy  L  is  identical  to  that  shown  for  the  entrance  coupled 
motion,  keeping  in  mind  that  now  the  parameters  AAie  and  AA21  are  used  instead  of 
Ai6  and  A21.  Equation  D-1 17  must  subsequently  be  changed  to 


Fx-u  +  F/u  +  Fx-l  +  Fy'L  =  A24  +  VA25  +  ^A26  +  VA27  +  PnAA28  (D-336) 


A24  and  A27  remain  the  same:  so  does  AA28  as  long  as  it  is  realized  that  it  contains 

Mi6..an,cLAA?i  (eg  D-1 22a)- 

Substitution  of  Pallet  Pivot  Forces  into  z'-Moment 
Component  Equation:  Determination  of  Pp.  Because  of  the  changes  in 
equation  D-335,  and  using  the  same  reasoning  as  employed  for  equations  D-1 23  to 
D-1 28,  equation  D-1 29  becomes  for  exit  coupled  motion 


PnAA29  *  A30  -  Aaixjr  -  A32\y^ 


where 


=  IpRiir  +  A9  -  m^rcplKxSlnp  -  KyCosp) 


0  0 

AA29  =  -  [Di  +  C1P1S4  +  PPP1S5AA28 


(D-337) 


{D-338) 


Finally,  parallel  to  equation  D-1 37,  the  contact  force  Pn  becomes 


Pn  = 


lpR\|>  +  A9  +  A30  -f-  A31 V  -f  A32\j^  -  mprcp  (KxSinp  -  KyCOSp) 

AA29 


(D-339) 


If  this  expression  is  rewritten  in  terms  of  the  escape  wheel  variables  (|>  and  ^ 
the  following  equation  which  is  similar  to  equation  D-1 40  is  obtained 


Pn  =  -r7 — [|prU(1> +  (A32U^  +  IprV}4>  +A3iU(j) 

AA29 

+  A9  +  A30  -  mprcp  (KxSinp  -  KyCOSp)]  (D-340) 


125 


Changes  in  Force  Equations  of  Escape  Wheei  and  Pinion  No.  3  in 
Exit  Coupied  Motion  with  Mesh  No.  2  in  Round-on-Round 
Contact 

The  free  body  diagram  of  the  escape  wheel  and  pinion  no.  3  in  exit 
coupled  motion,  with  mesh  no.  2  in  round-on-round  contact  is  shown  in  figures  D-8a 
and  D-8b.  When  compared  to  figure  D-5a,  the  contact  force  Pp  and  its  associated 
friction  force  are  now  different,  i.e.,  they  account  for  exit  coupled  motion. 

Equation  D-165  must  be  modified  to  read 


PnOn  -  PiS4Pnnt  +  +  psaRpaanNxa  +  —  (D-341 ) 

With  the  unit  vectors  of  equations  D-143  and  D-144,  the  X-force  component  equation 
(changed  from  D-1 66)  becomes 

PnSin  (\y  +  a  +  P3)  +  |iiS4PnCos  (\|r  +  a  +  P3)  +  F23COSA.2 

-  pS2RF23SinX.2  •  Fx3u  +  ppy3u  +  Fx3L  -  pPy3L  =  Nxm3  (D-342) 

The  Y-force  component  is  changed  from  equation  D-1 67  to  read 
-Pncos  (v  +  a  +  P3)  +  niS4PnSin  (\|r  +  a  +  P3)  +  F23SinA,2 

+  HS2rF23COSA.2  -  Fy3u  -  |iFx3u  +  Fy3L  +  4Fx3L  =  Nym3  (D-343) 

The  Z-force  component  remains  as  in  equations  D-1 68,  i.e., 

Fz3  =  NsPis  {D-344) 
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Escape  Wheel  and 
Pinion  No.  3  ro¬ 
tate  in  caw  direction 
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Figure  D-8a.  Top  view  of  escape  wheel  and  pinion  no.  3  in  exit  coupled  motion.  Round-on-round  contact  of  mesh  no. 


Escape  wheel  rotates  ccw 


T  =  mp  ,F  (Thrust  friction 
^3  ^3  torque) 


u 


4. 


(L  and  L  represent  one- 
ha!ff  the  distance  between 
the  pivot  bearings  in  upper 
and  lower  plates.) 


Figure  D-8b.  Escape  wheel  and  pinion  no.  3  in  exit  coupled  motion.  Normal 
forces,  friction  forces,  and  thrust  friction  torque  acting  on  pallet 
pivots.  (Not  influenced  by  type  of  mesh  contact.) 


Changes  in  Moment  Equations  of  Escape  Wheei  and  Pinion  No.  3 
in  Exit  Coupied  Motion  with  Mesh  No.  2  in  Round-on-Round 
Contact 

Changes  in  Moment  Equations  of  Escape  Wheei.  The  moment 
equation  D-169  for  the  escape  wheel  and  pinion  no.  3  must  also  reflect  the  change  in 
Pn.  The  lefthand  side  of  the  above  expression,  as  given  by  equation  D-170  must  be 
modified,  because  now  the  cross  product 


AintxPnnn  =  PnA^k 


(D-346) 


This  results  in  the  following  change  to  equation  D-170 


+  BiPiS4j  k  -  ppfsFzsk 


(D-346) 


The  righthand  side  of  equation  D-167  remains  unchanged.  The  resulting  X  and  Y 
moment  component  expressions,  i.e.,  equations  D-173  and  D-174,  respectively,  are 
not  influenced  by  the  above  change.  The  Z-moment  component  expression  D-175 
must  now  read 


Pn  (a^  +  B.,PiS4)  +  ap2F23  (sin  (^2  •  <j)s  '  5p2) 

+  HS2RCOS  (^2  -  <|)s  -  5p2) )  - .  (D-347) 


Simplification  of  Force  and  Moment  Equations  and  Determination  of  Escape 
Wheel  Pivot  Forces 

X-Force  Component 

Due  to  the  change  in  equation  D-342  the  parameter  Agg^  in  equation  D-176  must  be 
changed  to 


AAggp  =  p,s^cos(\(r  +  a  +  Pg)  +  sin(\|/  +  a  +  pg) 


(D-348) 
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Y-Force  Component 

Similarly,  because  of  the  change  in  equation  D-343  the  parameter  Agg^  in  equation 
D-189  now  becomes 

^36R  =  +  a  +  P3)  -  cos(v  +  a  +  P3)  (D-349) 

Z-Force  Component 

The  Z-force  component  remains  presently  as  given  by  equation  0-344. 

As  stated  earlier,  the  X-  and  Y-components  of  the  moment  expressions  for  the 
escape  wheel  need  not  be  changed.  They  are  used  in  their  final  form  as  given  by 
equations  D-184  and  D-187,  respectively.  Therefore,  the  X-component  of  the  moment 
equations  is  given  by 

^‘•^u^xau  *"u^y3u  ^L^y3L  ®  ^39R  ^40R^  (D-350) 

The  Y-component  of  the  moment  equation  is 

=  A41R 

Solution  of  Escape  Wheel  Pivot  Forces  for  Exit  Coupled  Motion.  Since 
only  the  parameters  AAgg^  and  Ag^^  differ  in  the  set  simultaneous  equations  D-176, 

D-181,  D-350,  and  D-351  from  those  used  in  the  solution  for  the  pivot  forces  in  entrance 
coupled  motion,  the  latter  is  adapted  to  the  present  situation.  Then,  according  to  equa¬ 
tion  D-199 


Fx3u  =  - h - +  CC22RPn  +  C23RF23  +  C24R<1>]  (D-352) 

(Lu  +  Ll)(1  + 


where,  now 


36R^I 


{D-353) 
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and,  as  before 


^21R  “  l^.^35R  '  ^41R  ^^^*-L^38R  ■*■  ^39r)I 

^23R  “  l^^^34R  ■*■  ^^^37r)I 

^24R  “  l^^40R  *  ^42rI 

Acx5ording  to  equation  D-207 

^y3u  “  '  TT  2\  t^25R  ■*■  ^26R^n  ^27R^23  ■*■  ^28R^] 

(L„  +  Lj(l+n 

where  now 

^^26n  “  I^L^^36n  ■  ^'^^33n^f 

and,  as  before 

^25n  “  lh.^38R  *  ^39n  *  LlAssr)  I 

^27n  “  l^.^^37n  ■  ^‘^34R^I 

^28R  ”  l^40R  '*'  ^^42rI 

According  to  equation  D-215 

^X3L  ”  ~  {/  it  [^29R  ■•■  ^^aoR^’n  ■*■  ^31R^23  ^32R^ 

(Lu  +  Ljll  +n  I 

where,  now 

^^30R  “  l*-u(^33R  ■*■  ^^36r)| 


(D-354) 


(D-355) 


(D-356) 


(D-357) 
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and,  as  before 


C29R  =  I  (A39R  -  LuAssr)  -  LuAasR  -  A4ip| 

C3I R  =  I  Lu  (A34R  liAsTfi)  I 
C32R  =  I  fiA40R  -  A42r| 

According  to  equation  D-223 

*^y3L  “7  i\  [^33R  ^^34R*^n  ^35R^23  ^36R^J 

(L^  +  LJ(1  +n  ) 

where  now 

CC34R  =  I  Lu  (HAA33R  -  AA36r)  I 

and,  as  before 

C33R  =  I  ^  {A41R  +  LuAssr)  +  A39R  -  LuAssrI 
C35R  =  I  Lu  (A34R  -  A37r)1 
C36R  =  I  A40R  +  fiA42Rl 


(D-358) 


(D-359) 
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Determination  of  Contact  Force  Pn  in  Terms  of  Escape  Wheel 
Parameters  (Exit  Coupled  Motion  and  Mesh  2  in  Round-on-Round 
Contact) 

Subsitution  of  Conservative  (Tilded)  Pivot  Forces  Into  Z- 
Moment  Expression.  The  sum  of  the  tilded  pivot  forces  is  identical  in  form  to 
equation  D-228.  Therefore  with  equations  D-352,  D-354,  D-356.  and  D-358.  the 
following  is  obtained 


F'xSu  +  y3u  +  F x3L  Fy3L  = 


A _ 


(0-360) 


where  now 


A  iV  CC22R  +  CC26R  +  CC3OR  +  CC34R 

^-•0"  Lt  (1 


and,  as  before 


(D-361) 


A  C21R  C2SR  +  C29R  +  CasR 

^43R=  Lt  (1  +p^) 


^45R  ~ 


C23R  +  C27R  C31R  +  CasR 

Lt  (1  +\i^) 


A  C24R  +  C28R  +  C32R  +  C36R 

Lt  (1  +p^) 

Substitution  of  equations  D-234  (for  D-344)  and  D-360  into  equation  D- 
347  furnishes  the  complete  Z-component  of  the  escape  wheel  moment  expression  for 
exit  coupled  motion  with  mesh  2  in  round-on-round  contact 


Pn  (a.,  +  B1P1S4)  +  ap2F23  (sin  (X2  -  -  5p2)  +  PS2RC0S  (X2  -  (t>2  -  5p2) ) 


IJ-S2RPP2F23  -  PPf3A47  *  PP3[a43R  +  AA44RPn  +  A45RF23  +  A46R(() 


=  Izs^  +  lzs<l> 


(D-362) 
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Using  the  same  reasoning  as  given  in  connection  with  equations  D-236  and  D*237, 
equation  D-362  is  now  solved  for  Pn.  Therefore 

Pn  [a^  +  B^^iS4  '  |IP3AA44r]  +  F23  [ap2(sin  (^2  -  <1>S  -  5p2) 


t 

+  }i.S2RCOS  {k2  •  -  5p2) )  -  M-S2RPP2  -  PP3A45r]  -  PP3A46R  ^ 


w 


-  P[pf3A47  +  P3A43R]  =  lzs<l>  +  IzstOz  (D-363) 

and,  similar  to  equation  D-239 

■2 

p  l2S<l>  +  A48R<i>  +  F23A49R  4-  A50R 

AA51R  (D-364) 

where  now 

i  f 

AAsir  =  a,  +  B^piS4  -  PP3AA44R  (D-365) 


while  as  before 


A48R=^^ 

w 

A49R  =  m(s2rPp2  +  P3A45R)  -  ap2(sln{X2  -  (>3  -  5p2)  +  -  SpJ ) 


A50R  =  fzstOz  +  P[Pf3A47  +  P3A43R] 


Combined  Exit  Coupied  Motion  Differentiai  Equation  with  Mesh  2  in 
Round-on-Round  Contact 

Equations  D-339  and  D-364  are  now  set  equal  to  each  oher  in  order  to 
obtain  the  combined  coupled  motion  differential  equation  of  the  escapement  under 
exit  conditions  and  with  mesh  2  in  round-on-round  contact. sh  2  in  round-on-round 
contact. 
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..  .2 
[AAsirIprU  -  AA29lzs]  4>  +  [aA5ir(A32U^  +  IprV)  -  AA29A48R]  <l> 


+  AA51RA31U4)  =  F23AA29A49R  +  AA29A50R  -  AA51R  {A9  +  A30) 


+  AA51  Rnipfcp  (KxSinp  -  Kycosp)  (D-366) 

The  above  expression  has  the  same  form  as  equation  D-244,  and  the  difference  be¬ 
tween  the  entrance  and  exit  coupled  motion  depends  on  the  value  of  the  signum  func¬ 
tion  s^  which  is  introduced  in  the  next  section. 

Common  Differential  Equation  and  Common  Expressions  for  Entrance  and 
Exit  Coupled  Motion  of  Escapement  with  Mesh  No.  2  in  Round-on-Round  Contact 

It  is  possible  to  obtain  common  expressions  for  both  combined  entrance  and 
exit  coupled  motion  differential  equations  with  mesh  no.  2  in  round-on-round  contact, 
(eqs  D-244  and  D-366). 

The  AA,j,’s  and  CC.p’s  of  the  exit  coupled  motion  differ  only  in  certain  signs 
from  the  and  C,p’s,  of  identical  subscript  i,  associated  with  entrance  coupled  mo¬ 
tion.  This  is  due  only  to  the  differences  in  escapement  geometry. 

Common  expressions  for  the  above  parameters  result  from  the  introduction  of 
the  signum  function  57,  where 


Sj  =  positive  for  entrance  coupled  motion 

S7  =  negative  for  exit  coupled  motion 
With  the  above,  equations  D-54  and  D-333  are  satisified,  if 

Ai6  =  AA^e  =  -[p,s^cos(\jf  +  a)  -  Sysin  (v  -h  a)]  (D-367) 

Equations  D-60  and  D-334  are  satisfied,  if 

Ag,  =  AAg^  =  -[S7COs(\|r  +  a)  +  p,s^sin(v  +  a)]  (D-368) 
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Equations  D-130  and  D-338  are  satisfied,  if 


*29  =  *^29  '  ®7°1  ■  -  C,  M.s,  -  PpK.SjAj,  (D-369) 

Agp  appears  first  inequation  D-1 12a  and  AA2g  in  equation  D-336.  Both  are  functions  of 
A,g  and  Aj,  by  way  of  the  appropriate  C/s.  (The  CC/s  are  not  specifically  given  in 
conjunction  with  eq  D-336.) 

Equations  D-1 77  and  D-348  are  satisfied,  if 

^33  =  ^33R  =  ^^33R  =  4,S4COS(\|r  +  o  +  pg)  -  s^sin  (\y  +  a  +  pg)  {D-370) 
Equations  D-1 81  and  D-349  are  satisfied,  If 

^36  =  ^36R  =  ^^36R  =  +  «  +  P3)  +  S^COS  (\|/  +  tt  +  Pg)  (D-371  a) 

In  addition,  equations  D-243  and  D-365  are  satisfied,  if 

^51  “  ^51R  ~  ^^51R  “  "■  ■  I^P3^44  (D-371  b) 

In  the  above,  A^  =  A^„  =  AA^^ 

A^^P,  appears  first  In  equation  D-231  and  is  a  function  of  Aggp  and  Agg^,  by  way  of  the 
appropriate  CC,p,’s. 

AA^^f,  appears  first  in  equation  D-361  and  is  a  function  of  AAgg^  and  AAgg^  by  way  of 
the  appropriate  CC,p’s. 
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As  a  consequence,  it  is  also  to  be  noted  that 


^22R  “  ^^22R 
^26R  ~  ^^26R 
^30R  “  ^*^30R 
^34R  “  ^^34R 


> 


i 


(D-371C) 


(eqsD-231  and  D-361). 

Finally,  the  combined  coupled  motion  differential  equation  of  the  escapement 
with  mesh  no.  2  in  round-on-round  contact  becomes,  regardless  of  exit  or  entrance 
motion,  with  equations  D-244  and  D-366: 


*«  •  * 

[A51  IpR  U  -  A29lzs]<)>  +  [A51  (AaaU^  +  Ipr V)  -  A29A48]<I>^  A51  Aai  U0 

“  •^23A29A49r  A29A50  *  +  ^3^)  +  (K  sinp  -  K^cosp)  (D-372) 

It  will  be  shown  later  that  the  common  parameters  A,g,  Ag,,  Ag^,  A33,  A3g,  A^^,  and 
Ag,  may  also  be  used  when  mesh  no.  2  is  in  round-on  flat  contact.  (See  work  preceding 
equation  D-403.)  Further,  note  that  letter  subscripts  have  now  been  dropped  from  A^g 
and  Agp,  since  these  parameters  depend  on  mass  or  friction  only. 

Changes  in  Force  Equations  of  Escape  Wheei  and  Pinion  No.  3  in 
Exit  Coupled  Motion  with  Mesh  No.  2  in  Round>on>Flat  Contact 

The  free  body  diagram  of  the  escape  wheel  and  the  pinion  no.  3  in  exit  cou¬ 
pled  motion,  with  mesh  2  in  round-on-flat  contact,  is  shown  in  figures  D-9a  and  D-9b. 
Again  the  contact  force  and  its  associated  friction  force  conform  to  exit  coupled 

motion  conditions.  The  forces  F23P  and  its  associated  friction  force  on  the  fiat  of  the 

pinion  are  identical  to  those  shown  earlier  in  figure  D-6a.  Equation  D-249,  the  force 
equation  for  entrance  coupled  motion  with  mesh  no.  2  in  round-on-flat  contact,  must 
now  be  modified  to 

Pnf^n  -  PlS4Pnf^t  +  F23FnNF2  +  PS2fTTf2  +  Fzsk  -  .  .  .  (D-373) 


Escape  Jflfheel  and  pinion 

No.  3  rotate  in  ccw  direction 
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escape  wheel  and  pinion  no.  3  in  exit  coupled  motion.  Round-on-flat  contact  of  mesh  no.  2 


Escape  wheel  rotates  ccv 


IT  =  (Thrust  friction 

^3  «  zj  torque) 


Figure  D-9b.  Escape  wheel  and  pinion  no.  3  in  exit  coupled  motion.  Normal  forces, 
friction  forces,  and  thrust  friction  torque  acting  on  pallet  pivots.  (Same 
as  figure  D-8b.  Not  influenced  by  type  of  mesh  contact.) 


Substitution  of  the  appropriate  unit  vector,  according  to  equation  D-143,  D*144,  D-245. 
and  D-247,  furnishes  the  following  force  component  equations 

X-force  component  (changed  from  equation  D-251 ) 

PpSin  (v  +  a  +  Pa)  +  piS4PnCOS  (v  +  a  +  Pa)  -  F2aFSin  (<|>s  -  ap2) 

*  ^«2F''^3FC0S('I>,  ■  “pal  •  Fx3u  +  (D-374) 

The  Y-force  component  is  changed  from  equation  D-252  to  read 

-  Pncos  (\|r  +  a  +  pa)  +  piS4PnSin  (y  +  a  +  pa)  +  F23FCOS  (<|>s  -  apa) 

+  pS2pF23FSin(<|>^  -  apg)  -  -  pF^g^  +  F^g^  +  pF^g^  =  (0-375) 

The  Z-force  component  remains  as  In  equation  D-253,  i.e., 

F23  =  Nzma  (D-376) 

Changes  In  Moment  Equations  of  Escape  Wheel  and  Pinion  No.  2 
In  Exit  Coupled  Motion  with  Mesh  No.  2  In  Round-on-Flat  Contact 

As  for  round-on-round  contact,  the  moment  contribution  of  the  escapement 
forces  leads  to  the  following  change  of  equation  D-254.  (See  also  equation  D-346) 

Pn  (A.|  +  B',  Pi  S4 )k  -  ppF3 Fzsk  +  . . .  (D-377) 

The  resulting  X  and  Y  moment  component  expressions,  i.e.,  equations  D-257  and 
D-258,  respectively,  are  not  influenced  by  the  above  change.  The  Z-component  ex¬ 
pression  D-259  must  now  be  modified  to  read 

+  PzspSa  -  MPbF,3  -  •  ■  •  (D-378) 

Simplification  of  Force  and  Moment  Equations  and  Determination  of  Escape 
Wheel  Pivot  Forces 

X-Force  Component 

Due  to  the  change  in  equation  D-374,  the  parameter  Aggp  in  equation  D-261  must 
be  changed  to 
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^33F  =  ^t1S4C0S(\|/  +  a  +  P3)  +  sin(v  +  a  +  pg) 


(D-379) 


Y-Force  Component 

Similarly,  bee  of  the  change  In  equation  D-375,  the  parameter  Ag^p  In  equation 
D-265  now  becon  . 

AAggp  =  p^s^sin(y  +  a  +  Pg)  -  cos(y  +  a  +  pg)  (D-380) 

Z-Force  Component 

The  Z-force  component  remains  presently  as  given  by  equation  D-376. 

As  stated  earlier,  the  X-  and  Y-components  of  the  moment  expressions  for  the 
escape  wheel  need  not  be  changed.  They  are  used  in  their  final  form  as  given  by 
equations  D-268  and  D-271,  respectively.  Therefore,  the  X-component  of  the  moment 
equation  is  given  by 


*“u^y3u  ^^'-L^x3L  ^L^y3L  ^39F  ^40F^  (D-381 ) 

The  Y-component  of  the  moment  equation  is 


^u^x3u  ^u^^ySu  ^L^x3L  ^  ^L^^y3L  “  ^41 F  ^  ^42F^  (D-382) 

The  Z-component  of  the  moment  equation  remains  in  the  form  of  equation  D-378. 

Solution  of  Escape  Wheel  Pivot  Forces  for  Exit  Coupled  Motion.  Since 
only  the  parameters  AAggp  and  AAggp  differ  in  the  set  of  simultaneous  equations  D-374, 

D-375,  D-381 ,  and  D-382  from  those  used  in  the  solution  for  the  pivot  forces  in  entrance 
coupled  motion,  the  latter  Is  adapted  to  the  present  situation.  Then,  according  to  equa¬ 
tion  D-283 


^x3u 


(Lu  +  Ll)(i  +p^) 


[CgiF  +  cc 


22F^n  ^23F^23F  ^24F 


4] 


(D-383) 
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where,  now 


CC22P  =  |Ll  (AA33P  +  ^lAA 

36f)I 

and,  as  before 

^2fF  ~  l^^35F  '  ^4>F  ■*"  ■*■  ^39f)I 

^23F  “  I^L^^34F  ■*■ 

^24F  ~  l^‘^^40F  ■  \2fI 
According  to  equation  D-290 

^y3u  “  ~  ~r  2\  t^25F  +  n  ^27F^23F  ■*■  ^28F^] 

(Lu  +  LJi^  f 

where,  now 

^^26F  “  I^L  ^^36F  *  ^^33F^I 

and,  as  before 

^25F  “  I^L^38F  ^39F  ^^^41F  '  ^L^35F^I 

^27F  ~  I^L^^37F  '  ^^^34f)I 

^28F  ~  l^40F  ■*■  ^^\2fI 
According  to  equation  D-299 

^*31-  “  7.  ,  \(.  2)  [^29F  +  ^^30F^n  ■*■  ^31F^23F  ■*■  ^32F‘I^] 

(Ly  +  LJ\1  +n  I 


(D-384) 


(D-385) 


(D-386) 


(D-387) 
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where,  now 


^^30F  =  l*-u(^33F  ^^36f)| 

and,  as  before 

^29F  =  M^SSF  ■  ’-u^38f)  '  ^u^35F  ’  ^41F I 

^31F=|•-u(A34F  +  ^lA37p)| 

^32F  “  l^^^40F  ‘  \2fI 
According  to  equation  D-307 

" (L  +Lj(l ■"  ^ssf’^ssf  +  Cggpi] 

where,  now 

^^34F  “  l*-u(^^^33F  ■•■  ^36f)I 
and,  as  before 

^33F  =  WA41F  +  *-u^35f)  ^39F  *  *-u^38F  I 
^35F  “  1^  J^34F  ■  ^37f)  I 

^36F  “  l^40F  ■*■  ^^^42fI 


(D-388) 


(D-389) 


(D-390) 
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Determination  of  Contact  Force  Pn  in  Terms  of  Escape  Wheel 
Parameters.  (Exit  Coupied  Motion  and  Mesh  No.  2  in  Round-on- 
Flat  Contact) 

Substitution  of  Conservative  (Tilded)  Pivot  Forces  into  Z- 
Moment  Expressions.  The  sum  of  the  tilded  pivot  forces  is  identical  in  form  to 
equation  D-312.  Therefore,  with  equations  D-383,  D-385,  D-387,  and  D-389,  the 
following  is  obtained 


Fv3u  +  Fv3u  +  Fv3L  +  Fv3L  =  A43F 


A  A 


* 


where  now, 


AA44F  = 


CC22F  CC26F  CC30F  CC34F 
Lt{i  +p2) 


(D-392) 


and,  as  before 


AA43F  = 


CC21F  +  CC2SF  +  CC29F  +  CC33F 
Lt(i  +p2) 


AA45F  = 


CC23F  CC27F  CCsiF  CC3SF 
Lt(i  +p2j 


AA46F  = 


CC24F  +  OC28F  +  CC32F  +  CC36F 
Lt{1  +p2) 


Substitution  of  equations  D-318  and  D-391  into  equation  D-378  furnishes  the 
complete  Z-component  of  the  escape  wheel  moment  expression  for  exit  coupled 
motion. 


■'■®1^^1®J''‘^23f92' W^13^47’  W>3  [^43F  ^44F*^n 


+  A45fF23F  +  A46F<t>J  =  Izs^z  +  lzs<l> 


(D-393) 
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Using  the  same  reasoning  as  given  in  connection  with  equations  D-236  and  D-237, 
equation  D-393  is  now  solved  for  Pn.  Therefore 


f  '  '  1  0 

Pn  +  B,HiS4  -  4P3AA44Fj  +  f23FQ2  '  PP3A46  pr 

w 

-  |JL[pf3A47  +  P3A43]  =  lzs<l»  +  Izscbz 


and,  similar  to  equation  D-322 


P  = 

n 


Izs0  +  A48F<|>^  +  F23PA49F  +  A50F 


where  now 


AA5,f  =  A', +B>,s,-pp3AA^p 
while  as  before 


(D-395) 


(D-396) 


A 


_  MP3A46F 

48F  “  [5|;i 


’49F 


=  92 


A5OF  =  IzsOJz  +  P(Pf3A47  +  P3A43FJ 

Combined  Exit  Coupied  Motion  Differentiai  Equation  with  Mesh  No.  2  in 
Round-on-Fiat  Contact 

Equations  D-339  and  D-395  are  now  set  equal  to  each  other  in  order  to  obtain 
the  combined  coupied  motion  differential  equation  of  the  escapement  under  exit 
conditions 


IAA5IF  IpR  U  -  AA29  Us  ]<l>  +  [AA5IF  (A32  +  IpR  V)  -  AA29  A48F  1<1>^ 


+  AA51FA31  U<j)  =  F23FAA29A49F  +  AA29A50F  -  AA51F  (Ag  +  A30) 


+  AA5„,m^r^(K,  sin  p  -  cos  » 


(D-397) 
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The  above  expression  has  the  same  form  as  equation  D-327,  and  the  difference 
between  entrance  and  exit  coupled  motion  depends,  as  for  the  round-on-round 
regimes,  on  the  value  of  the  signum  function  sy,  as  defined  in  preceding  equation  D- 
367. 


Common  Differential  Equation  and  Common  Expressions  for 
Entrance  and  Exit  Coupled  Motion  of  the  Escapement  with  Mesh 
No.  2  in  Round-on-Fiat  Contact 

Just  as  for  round-on-round  contact  of  mesh  no.  2  (eq  D-372)  it  is 
possible,  with  the  help  of  signum  functions  s?,  to  obtain  certain  expressions  that  are 
common  to  both  entrance  and  exit  coupled  motion  differential  equations  for  the 
combined  escapement  when  mesh  no.  2  is  in  round-on-flat  contact. 

Since  the  resulting  expressions  depend  only  on  the  escapement 
geometry,  they  are  not  influenced  by  the  type  of  contact  of  mesh  no.  2,  and  they  are, 
therefore,  identical  to  those  indicated  earlier  in  equations  D-367  to  D-371c. 

The  foilwing  enumerates  these  parameters  with  the  appropriate  change 
of  the  relevant  subscriptions. 

As  in  equation  D-367,  D-54  and  D-333  are  combined  to 

Ai6  =  AAi6  *  -  [P1S4COS  (y  +  a)  -  S7Sin  (y  +  a)]  (D-398) 

Again,  as  in  equation  D-368,  D-60  and  D-334  have  the  common  form 

A21  =  AA21  =  -  [S7COS  (y  +  a)  +  piS4Sin  (y  +  a)]  (D-399) 

Because  of  the  above  general  expressions,  the  expressions  for  C5,  C10.  C15,  and  C20 
(eqs  D-86,  D-96,  D-106,  and  D-1 16,  respectively)  which  are  functions  of  them,  can  be 
used  to  determine  the  identical  forms  of  A28  and  AA28  (eqs  D-1 22a  and  D-336, 
respectively). 


f  f 

A29  =  AA29  =  SyD^  -  C1P1S4  -  pp|ilS5A28 


(D-400) 
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As  in  equation  D-370,  equations  0-177  and  D-348,  as  well  as  D-261  and  0-379,  will 
be  satisfied  with 

A33  =  A33R  =  AA33R  =  A33F  =  AA33F  =  ^iiS4Cos  (v  +  a  +  P3) 

-  sysin  (v  +  a  +  pa)  (0-401 ) 

Also,  as  in  equation  0-371  a.  equations  0-181  and  0-349,  as  well  as  0-265  and  0-380 
will  be  satisfied  with 

A36  =  A36R  =  AA36R  =  A36F  =  AA36F  =  )iiS4Sin  (\|/  +  a  +  Pa) 

+  S7COS  (v  +  a  +  Pa)  (O-204a) 

Because  of  the  generality  of  Aaa  and  Aae-  the  following  parameters  which  are  functions 
of  Aaa  and  Aae.  also  only  depend  on  sy  and  common  expressions  may  be  found. 

C22  =  C22R  =  CC22R  =  C22F  =  CC22F  (aqs  0-201,  0-352,  0-285,  0-384,  resp) 

C26  =  C26R  =  CC26R  =  C26F  =  CC26F  (aqs  0-209,  0-355,  0-293,  0-386,  resp) 

>(0-402b) 

Cao  =  CaoR  =  CCaoR  =  CaoF  =  CCaoF  (®qs  0-21 7,  0-357,  0-301 ,  0-388,  resp) 

Ca4  =  Ca4R  =  CCa4R  =  Ca4F  =  CCa4F  (aqs  0-225,  0-359,  0-309,  0-390,  resp) 

The  above  now  leads  to 


A44  =  A44R  =  AA44R  =  A44F  =  AA44F  = 

Lt(1+P^)  (O-402C) 


with  equations  0-231,  0-361,  0-315,  and  D-392,  respectively. 

Finally,  as  in  equation  0-371  b,  equations  0-243  and  0-365,  as  well  as  0-326  and  0- 
396  will  be  satisified  with 


A51  =  A51R  =  AA51R  =  A51F  =  AA51F  =  B,piS4  -  SyA^  -  ppaA44  (O-402d) 
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These  considerations  now  make  it  possible  to  write  a  combined  escapement  differential 
equation  for  coupled  motion  when  mesh  no.  2  is  in  round-on-flat  contact 


[A51  IpR  U  -  A29  Us  +  [A51  (A32  +  IpR  V)  -  A29  A48  +  A51 A31 U0 

=  +  A29A50  -  ^51(^9  +  A30)  +  A5,mpr^p(K  sinp  -  K  cosp)  (D-403) 

Note  the  similarity  of  the  above  expression  with  equation  D-372.  It  differs  only  in  the 
parameters  and  A^^p.  The  letter  subscripts  of  A^  and  Ag^  have  again  been 

dropped,  since  these  parameters  depend  only  on  mass  and  friction. 

DYNAMICS  OF  ROTOR  AND  GEAR  NO.  1 

Before  the  force  and  moment  equations  of  the  rotor,  with  mesh  no.  1  in  round-on- 
round  or  round-on-flat  contact,  can  be  considered,  it  is  first  necessary  to  obtain  expres¬ 
sions  for  the  absolute  acceleration  of  the  rotor  pivot  0,  and  the  rotor  center  of  mass  C^. 

A  top  view  of  the  rotor  in  the  mechanism  plane  is  shown  in  figure  D-10.  (fig.  A-3). 

Absolute  Acceleration  of  Rotor  Pivot 

The  absolute  acceleration  of  the  rotor  pivot  0,  is  given  by 


Ao  1 /ground  —  Ao,/C  +  Ac/ground  (D-404) 

where 

Ac/ground  =  given  by  equation  C-4,  appendix  C  in  the  projectile  fixed  X-Y 

system, 

while 

Ao,/c  =  ®  X  (ts  X  )  -^  ct)  x  {D-405) 
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After  substituting 


=9?,  i 


{D-406) 


and  equations  A-1  and  A-5  for  lo  and  6).  respectively,  the  following  is  obtained 


Ao,/c  =  Lx  i  +  Ly  j  +  Lik  (D-407) 

where 

L^  =  -(o>/+o>/)9?^  (D-408) 

Ly  =  (CDxCDy  +  (J)z)9?i  (D-409) 

Lz  =  (oJxWz  -  d)y)9ti  (D-410) 

Together  with  equations  D-87  and  C-4,  the  following  is  obtained  for  equation  D-404 

Ao, /ground  —  Ox  i  +  Oy  j  +  Oz  k  (D*41 1 ) 


where 


O  =G  +L 

X  X  X 

(D-41 2) 

(D-41 3) 

=  + 

(D-41 4) 

Absolute  Acceleration  of  the  Rotor  Center  of  Mass 

To  determine  the  absolute  acceleration  of  the  rotor  center  of  mass  in  the  X-Y-Z 
system,  it  is  first  necessary  to  find  Ac,/o, ,  the  acceleration  of  the  rotor  center  of  mass 
with  respect  to  the  rotor  pivot  O,,  in  the  -  n,  *  C,  system  (fig.  D-10).  Subsequently, 

this  expression  is  transformed  into  the  X-Y-Z  system  and  added  to  the  absolute  ac¬ 
celeration  of  point  as  given  by  equation  D-41 1 .  Therefore 


Aci /ground  —  Aci/Oi  +  Ao  I  /ground 


(D-41 5) 
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The  term  Ac,/o,  is  obtained  from 


Ac,/o,  =  051  X  (CJi  X  Tci )  +  (bi  X  fci  (D-416) 

where 

rci=rcin^,  (D-417) 

The  terms  coi  and  (bi  are  taken  from  equations  A-37  and  A>41 ,  respectively. 

When  all  operations  are  performed,  equation  D-416  becomes 

Aci/o,  =  -  rci  [co^,  +  ©y  n^^  +  rci  [co^^coti,  +  cb;J  fv,,  +  rci  n^,  (D-41  8) 


With  the  help  of  equations  A-31  to  A-34  substitute  for  the  above  body-fixed  unit  vectors; 
i.e. 


=  cosy  i  +  siny  j 

(D-41 9) 

n,,,  =  -sin  y  i  +  cos  y  j 

(D-420) 

=k 

(D-421) 

where 

Y  =  <t>iRc  +  4>,R 

(D-422) 

This  results  in 

Ac,/o,  =  +  (ol )  cos  y  +  (co^,  )  sin  y]  i  -  r^,  [(coj,  +  (a^ ) 

sin  y  -  (co^,  (o^,  +  )  cos  y]  j  +  r^,  (o)^,  -  Wn, )  k  (D-423) 
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Finally,  equations  A-38  to  A-40  and  A-42  to  A-44  are  used  to  express  the  angular 
quantities 

Ac,/Oi  =  -rci  {(cOy  cos  Y  -  CDx  ojy  sin  y  +  (coz  +  f  cos  y  +  (cdz  +  <|>i  )  sin  y]  T 
+  [o)x  sin  y  -  cDx  COy  cx)S  y  +  (coz  +  sin  y  -  (d)z  +  )  cos  7]  J 

-  [(cox  cos  Y  +  COy  sin  y)(co2  +  20i )  +  cox  sin  y  -  Wy  cos  7^  k }  (D-424) 

The  total  acceleration  Ac, /ground  then  becomes  according  to  equation  D-415  with 
equation  D-41 1 

Aci/ground  =  {-rd  (co^ COS y -  cox COy sin  y  +  (coz  +  )^cos  Y+  (d)  +  <}>i  )sin  y]  +  Ox}  i 
+  {-rci  [coj  sin  y  -  cox  COy  Cos  y  +  (coz  +  sin  y  -  (coz  +  0i )  cos  y]  +  Oy }  J 


+  {rci  {(wx  cos  y  -f  COy  sin  y)(coz  +  2^i )  +  d)x  sin  y  -  d)y  cos  y]  +  Or }  k  (D-425) 

It  must  be  kept  in  mind  that  the  angle  <}>^p  depends  on  the  total  rotational  angle  <j)^  of 

the  escape  wheel.  Because  of  the  clock  gearing  invoived,  its  value  cannot  be  obtained 
by  a  constant  gear  ratio  as  for  involute  gearing,  but  must  be  determined  from  the  in¬ 
cremental  changes  in  the  two  meshes,  which  depend  on  the  contact  modes  involved. 


The  angular  velocity  and  the  angular  acceleration  must  be  expressed  in  terms 

of  the  escape  wheel  angular  velocity  <i>  and  the  escape  wheel  angular  acceleration 
respectively.  Appendix  F  gives  closed  form  expressions  for  these  quantities.  They  are 
dependent  on  whichever  of  the  four  possible  contact  mcxJes  of  the  two  meshes  governs. 

Mesh  No.  1  in  Round-On-Round  Contact 

Force  Equations  for  the  Rotor  and  Gear  No.  1  With  Mesh  No.  1  in 
Round-On-Round  Contact 

A  top  view  of  the  rotor  and  gear  no.  1,  together  with  the  mechanism  plane,  is 
shown  in  figure  D-1  la.  K  indicates  the  round-on-round  contact  force  F21  as  well  as  the 
associated  friction  force  Ffi2-  Thus,  (ref  5)  with  both  forces  equal  to  and  opposite  to  F12 
and  Ffi2,  of  equations  D-61 1  and  D-612,  respectively 

F21  =  -F,2^xi 
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(D-426) 


Rotor  rotation  is  ccw 


T  =  P F  (Thrust  friction 
h  ^  torque) 


Figure  D-1 1b.  Rotor  and  gear  no.  1 .  Normal  forces,  friction  forces,  and  thrust  friction 
torque  acting  on  rotor  pivots.  (Not  influenced  by  type  of  mesh  contact.) 


where,  according  to  equation  G-2  of  reference  5 

nxi  =  cosA.1  i  +  sinX,i  j  (D-427) 

Further, 


Ff2i  =  ■4SiRFi2nNxi  (D-428) 

where,  according  to  equation  G-3  of  reference  5 

Hnxi  =-sinA.i  i  +cosA.i  j  (D-429) 

and,  with  the  help  of  equation  G'21 ,  reference  5,  the  signum  function  is  defined  as 
(equation  F-13,  app  F). 


SiR-iw - ^  (D-430) 

rs,/r,J 

A  free  body  diagram  of  the  rotor  pivot  with  all  normal  and  friction  forces  is  shown  in 
figure  D-11b. 

The  force  equation  for  the  rotor  Is  given  by 

ZF  =  m^  Ac, /ground  (D-431 ) 

where  Ac, /ground  is  given  by  equation  D-425.  Therefore 

'^12'^W  ■  ^*^1R^12^NX1  ^xlJ  ■  J  "  J 

+  FxiLi  +  FyiL  i  +pFxiLj  'pFyiLi  =miAc,  /ground  (D-432) 

The  unit  vectors  of  equations  D-427  and  D-429  are  now  substituted  into  equation 
D-432.  Subsequently,  the  component  expressions  of  this  equation  are  written  with  the 
help  of  equation  D-425 


X-Component  of  Rotor  Force  Equation 

-  F12COSX1  +  psinFi2SinXi  -  Fxiu  +  pFyiu  +  Fxil  -  pFyiL  =  mi  [-rci 

2 

{w  cosy  -  (0  w  siny  +  (o)z  +  <>i  f  cosy  +  (Wz  +  0i )  siny}  +  01  (D-433) 

y  A  y  X 
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-F^gSinX.^  -  ^is^pF^gCOsX.^  -  F^^^  •  +  F^^^  +  M^^xil  “  ['*^01 


(D-434) 


{D-435) 


Moment  Equations  for  the  Rotor  and  Gear  No.  1  With  Mesh  1  in 
Round-On-Round  Contact 

The  moment  equation  for  the  rotor  must  be  written  with  respect  to  the 
accelerated  pivot  point  O1.  (This  is  similar  to  the  manner  in  which  the  pallet  moment 
expression  D-3c  was  written  with  respect  to  point  Op.)  Therefore 

“o,  =  ^0./g,oun<,  "'/d  (“S'**  *  *^0,  (D-436) 

where 


=  sum  of  external  moments  about  point  Oi.  It  is  assumed  that  Oi  lies  in 
the  plane  of  the  rotor  cen  of  mass,  and  that  F12  and  m.SirFi2  also  lie  in  this  plane. 

/ground  =  absoIute  acceleration  of  point  Oi  (eq.  D41 1 ). 

=  time  rate  of  change  of  angular  momentum  of  rotor  with  respect  to  point 
Oi. 

It  is  obtained  by  adapting  equation  B-4  of  appendix  B  to  the  ^1  -  tii  -  Ci  system.  The 
appropriate  angular  velocity  and  acceleration  components  are  given  by  equations 
A-37  and  A-41 ,  respectively.  The  transformation  into  the  X-Y-Z  system  is  accom¬ 
plished  with  the  help  of  the  unit  vector  exprossions  of  equations  D-419  to  D-421 . 


Determination  of  Mof.  The  moment  Mf2i  ^^e  contact  force  F21 
with  respect  to  pivot  Oi  is  given  by 

Mf2i  =  {acinGi  +  PGinxi) x (Fi2hxi  -  psiRFi2nNxi)  (D-437) 

This  becomes,  with  the  help  of  equations  0-423  and  D-425,  as  well  as  with 

TTgi  =  cos  (<|>i  -  Sgi)!  +  sin  (<j>i  -  8gi)  j  (D-438) 

as  obtained  from  equation  G-1  reference  5. 

Mf21  =  aGiFi2[sin  (<|>i  -  Sqi  -  X,i) -  psiRCOS (<>1  -  5gi  -  ^1)]  k  -  psiRPGiFi2k  (D-439) 

In  addition  to  the  above,  the  moments  due  to  the  various  pivot  forces  may  be  adapted 
from  equation  D-32.  Since  the  rotor  always  has  counter-clockwise  rotation,  let  S5  =  +1 
In  equation  D-32.  Further,  change  m  to  p,  and  adjust  the  subscripts  from  the  primed  to 
the  unprimed  coordinate  system.  Finally,  with  equation  0-439  one  obtains  for  the 
moments  with  respect  to  pivot  Oi 

Mqi  =[l-uFyiu  +  pi-uFxiu  +  i-iFyiL  +  pLlFxil]  i  +[pLuFyiu  -  LuFxiu 
+  pUFyiL  -  LlFxuJ  j  +  [aGiFi2{sin  ((jji  -  5gi  -  Xi)  -  psipcos  {<|>i  -  5gi  -  Xi) } 

-  PS1RPG1F12  -  ppfiFzi  -  pipFyiu  -  pipFxiu  -  PiPFy^L  ■  PiI^^^xIl]^  (D-440) 

Note  the  tilded  form  of  F21,  which  will  be  explained  by  equation  0-474. 
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Determination  of  First  Term  on  Right  Hand  Side  of  Equation  D- 
436.  With  the  help  of  equation  D~41 1 .  the  following  is  obtained  for  the  right  hand  side 
of  equation  D-436 

-(Oj  +  Oj  +  O ^k)  X  m/^^(coSYT  +  sinyj)  =  m^r^JO^sinyi  -  O^cosyj 


-  (O^siny-  OyC0sy)k] 


(D-441) 


Determination  of  Time  Rate  of  Change  of  Ajiguiar  Momentum 

with  Respect  to  Rotor  Pivot  Oi.  To  obtain  an  expression  for  Hq,  in  the  -  tii  -  Ci 
rotor>flxed  system,  equation  B-4  is  first  adapted  from  the  X-Y-Z  system.  Subsequently, 
the  angular  velocity  and  acceleration  of  equations  A-37  and  A-41  are  substituted  as 
follows 


(at:  =  (a  cosy  +  o)  siny 

(D-442) 

a)„  =  -CD  siny  +  co  cosy 

Ml  *  y 

(D-443) 

0)^  =  (0^  +  01 

(D-444) 

d)£^  =  (OsCOSy  -  a)^0isiny  +  WySiny  +  o)y0icosy 

(D-445) 

(Du,  =  -CDxSlny  -  (D  iicosy  +  (byCOsy  -  (o^isiny 

X  y 

(D-446) 

(b^,  =  (bz  +  01 

(D-447) 
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Finally,  the  body-fixed  unit  vectors  and  are  given  in  the  X-Y-Z  system  ac¬ 

cording  to  equations  D-41 9  to  D-421 .  This  furnishes 


Ho,  =  {1^^  (wxCOSY  -  (Oj^^isiny  +  WySiny  +  (o^^icosy)  +  (-w^siny  -  WyCOsy) 

(0)^  +  <i)i){l^^^  - 1^^  )  +  <i>i)(<»xC0sy  +  (OySiny)  -(-tbxSiny  -  to^^icosy 

+  WyCosy-  Wy^iSiny)]  - 1^^  [((o^cosy  +  (OySiny)(-(o^siny  +  a)yC0sy)((bz  +  ^i)]  - 1^^ 
[(-©^siny (DyCOsy)^  -  (©^  +  0i)^]}{cosyi  +  sinyj)  +  {1^^  (-©xSiny-  ©^^icosy 

+  ©ycosy-coy<l)isiny)  +  (©xcosy  +  ©ysiny)(©z  +  <l)i)(l^4i  -  li;;i)+  It,;, [ (©xcosy 
+  ©ySiny)(-©^siny  +  ©yCOsy)  -  (©z  +  0i)]  - 1^^^  [(©xcosy  -  ©^^isiny  +  ©ySiny 

+  ©y<|)iCOsy)  +  (-©xSiny  +  ©yCosy) (a)z  +  <I>i)  -  I^^J  (a^  +  <)>if  -  (coxcosy  +  coySinyf] ) 
(-sinyi  +  cosyj )  +  {1^^  (©z  +  ^i)  +  (to^cosy  +  ©ySiny){-©^siny  +  ©yCOsy)  x  {I,,t„ 

- 1^^ )  +  1^^  {(-©j^siny  +  ©yC0sy)(©^  +  ^i)  -  (wxcosy  -  ©^^isiny  +  ©ySiny 
+  ©y(j)icosy)  ]  -  l^nl  (-cbxSiny  -  ©x<t)iCOsy  +  ©yCOsy  -  ©y<t)isiny)  +  (©xcosy  +  ©ySiny) 

(a^z  +  ())i )  ]  -  I^T,,  [  (©xCOsy  +  ©ySinyf  -  (-©xSiny  +  coycosyf] )  k  (D-448) 
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The  components  Hou-  ^Oiy.  and  Hqii  must  now  be  determined  from  equation  D-448. 
This  leads  to 


•2 

Hoix  =  A52  +  A5301  +  A5401  +  A55<}>i 


(D-449) 


where 


A52  =  cosy{I^^  (cbxCOSY+  (OySinY)  +  ,  -  'nn,  )  (0^  (-(o^sinY-  tOyCOSY)  + 


[0)2  (coxCOSY  +  cDySinY)  +  (^sinY  -  cbyCOSY)]  -  l4^i[  (odxCosy  +  ti>ySinY){-ci)xSinY) 

+  (OyCOSY)  +o)zl  -  [(-(o^sinY  +  co^cosy)^  -  to^^]}  -  sinY{ly^y^  (-(OxSinY 

+  (OyCOSY)  +  (l^^i  - 1;^,)  0)z  (tOxCOSY  +  o^sinY)  +  Iti;,  [  (cOxCOSy  +  coySinY)(-coxSinY 
+  (OyCOSY) '  cbz]  -  [((bxCOSY  +  (OySinY)  +  (o^l'Co^sinY  +  (OyCOSY)]  • 

(o)/  -  (o)  COSY  +  ®„sinY)^]}  (D-450) 

Z  X  j 

A53  =  l-w^sinY  +  0)yC0s-yl[(l^^^  +  )  cosy  +  2I^TiiSinY]  +  [coxCOSy 

+  (OySin'^[{ly^y^^  - )sinY  +  21^^^  cost]  +  2o)JI^^  cosy  +  sinY]  (D-451 ) 
A54  =  COSY  +  sinY  (D-452) 

A55  =  COSY  +  sinY  (D-453) 

Further 


HOly  =  Agg  +  Ag^^l  +  Agg^l^  +  Agg^l 
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(D-454) 


Age  =  (q)xCOSy+  coySiny)  +  )(-a)^siny  +  cOyCOSy)  o)^  + 

[a)^(a)^cosy  +  o>ySiny)  -  (-©xSiny  +  cbycosy)]  - [(coxcosy  +  a)ySiny)(-ti)xSiny 
+  toyCOsy)  +d)d  -  ((-co^siny  +  w  cosy)^  -  co^^]}  +  cosy{l^^  (-WxSiny 
+  (ii)yCOsy)+(l^^^  - 1^^  )((D^cosy  +  o)ySiny)(o^  +  1^^  [(coxcosy  +  (OySiny)(-(o^siny 

+  (tfyCOsy)  -  (bz]  - [(bxcosy  +  d)ysiny  +  a)^(-(Oj^siny  +  (OyCosy)]  - 1^^ 

[03^  -  (w^cosy  +  (OySiny)^]}  (D-455) 

^^57  =  (-“xS'^Y  +  WyCOST]  X  ^  )  siny  -  21^^  cos-^  +  [(o^cosy 

+  tOySini^  X (2l^y^  sIny  +  )cos)^  +  2a)JI^^  sIny -  (D-456) 

Age  =  ■  *4;  cosy  (D-457) 

A59  =  -  [l^;,siny  +  It,;, cosy]  (D-458) 

Finally 

Ho„  =  Aee  +  Ae,^i  (D-459) 
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where 


A«,  =  1^,*^  * 


)(<i)jjCOSY  +  tOySiny)  x  (-Wj^siny  +  WyCOSy)  + 


{(-WjjSiny  +  o)yCOsy)to^  -  cbxcosy  -  %siny]  +  [cbxSiny  -  wycosy  -  co^ 

(o)  cosy  +  CO  siny)]  -  lt_  [(w  cosy  +  co^siny)^  -  {-co  siny  +  to  cosy)^J  (D-460) 
X  y  S*it  *  y  *  y 


S'  '  'K, 


(D-461) 


Simplificatfon  of  Force  and  Moment  Equations  and  Determination  of  Rotor 
Pivot  Forces  with  Mesh  No.  1  in  Round-On°Round  Contact 

X-Component  of  the  Force  Equation 


Equation  D-433  is  now  rewritten  in  the  following  manner 


*Px1u  +  ylu  +  P xlL  *  M-F yiL  =  A62  +  A63<|>1  +  A64<|>1  +  A65(|>i 
^660^12 

where 

Agg  =  m,r^^[-cOy^cosy  +  co^^cOySiny  -  co^^cosy  -  cozsiny]  + 

Asa  =  -2mircicozcosy 
^64  =  -m,r^iCosy 
^65  =  -fTi/ciSiny 
Aggf,  =  cosX,  -  ps^pSin^., 


(D-462) 

(D-463) 

(D-464) 

(D-465) 

(D-466) 

(D-467) 
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Y-Component  of  the  Force  Equation 
Equation  D-434  becomes 


-F yio  -  pFxiu  +  FyiL  +  M-FxIL  =  ^7  +  A68<j>1  +  A69<t>1  +  Ayo^l 
^710^12 

where 

Ag^  =  +  cOj^to^cosY  *  to^^siny  -  toxcos-yj  +  ni^O^ 

^68  =  -2m,r^,o)^sinY 

^70  =  m/^,C0SY 

A^,P  =  (sinX^  +  ps^pCOsX,) 

Z-Component  of  the  Force  Equation 

Equation  D-435  is  rewritten  in  its  tilded  form  directly 


(D-468) 

{D-469) 

p-470) 

(D-471) 

(D-472) 

(D-473) 


F„=A72  +  A73.i>i  (D-474) 

where 

A72  =  WxSiny  -  tbycosy  ]  +  m,0^|  (D-475) 

A„  =  |2m^  r^  Jw^cosy  +  WySinyJI  (D-476) 

The  components  of  the  rotor  moment  equations  are  now  written  according  to  equa¬ 
tion  D-436. 
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X-Component  of  Moment  Equation 

With  the  help  of  equations  D-440.  D-441 ,  and  D-449,  the  following  is  obtained 


I^LyFxiu  +  LijFyju  +  |x1-lFxil  ■*"  l-L^yiL  ”  m1^c■^OzSinY  +  A52  A5301 


+  +  Agg^i  (D-477) 

Y-Component  of  Moment  Equation 

Again  with  the  help  of  equations  D-440,  D-441 ,  i.e.,  its  y-factors,  as  well  as  equation 
D-454,  the  following  is  found 


-  k^xa  -  "ii'ciOzCOST  +  Age  + 

+  4.  A,,*,  (D-478) 

Z-Component  of  Moment  Equation 

Again,  using  the  Z-components  of  equations  D-440  and  D-441,  together  with  equa¬ 
tion  D-459,  obtained  for  the  Z-component  of  the  moment  expression 

aciFigfsin  (<|)i  -  5gi  -  Xi) - psiRCOS ((j)i  -  5gi  -  Xi)]  - p.SirPgiFi2 


-fipfiFji  -  ppi  (Fxiu  +  Fyiu  +  Fxil  +  FyiL)  =  -mirci  [OxSiny -  Oycosy] 


(D-479) 
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Forces.  To  obtain  the  rotor  pivot  forces,  equations 
D-462,  D-468,  D-477,  and  D-478  must  be  solved  simultaneously.  Therefore 


-Fxlu  +  JlFylu  +  FxIL  -  M-FylL  =  Bur 

{D-480) 

•|lFxiu  -  Fy1u  +  liFxlL  +  FyiL  =  Bi2R 

(D-481) 

pLuFxlu  +  LuFylu  +  flUFxIL  +  UFy1L  =  Bl3 

(D-482) 

-LuFxlu  +  |lUFy1u  -  UFxIL  +  flLtFylL  =  Bi4 

(D-483) 

where 

®  1  in  ~  ^62  ^65^’  ^66R^12 

(D-484) 

®12R  “  \7  ^68^’  ^7in^12 

(D-485) 

^13  =  +  A^i^, 

fD-486) 

B,4  =  -m,r.,0,C0SY  .■  A^^  +  A,,^,  +  A^^,^  +  A^^i, 

(D-487) 

Since  equations  D-480  to  D-483  together  have  the  same  general  form  as  equation  D-67 
for  the  pallet,  the  forms  of  the  pallet  pivot  force  solutions  for  the  rotor  pivot  forces  may 
be  used.  It  must  be  kept  in  mind  that  for  the  rotor  the  factor  p  must  be  substituted  for 

A,,.  Then,  according  to  equation  D-73 

Di  =  I  (Lu  +  Ll)  (1  +  p2)  ]2 

(D-488) 

165 


Parallel  to  equation  D-80,  the  determinant  Df*iu  becomes 


Df„„  =  (U  ♦  Ll)(1  +  +  mb, 3  ■  B,J  (D-489) 

After  appropriate  substitution  of  equations  D-484  to  D-487,  parallel  to  equations 
D-81  to  D-87,  the  following  is  obtained  for  the  conservative  rotor  pivot  force 


Fx1u=^r^  =1 - 7T^ - 3T  (C37  +C3801  +C390?  +C4O01  +C41RF12]  {D-490) 

Di  Lt  (1 


where 

C37  =  I-  kAea  +  P  (Asa  *  UAs?)  -  Ass  +  mi  rdOz  (psiny  +  cosy)  [  (D-491 ) 

C38  =  I'LAa  ^  (D-492) 

C39  =  |-kAe4  +  *  LAa)  -  A33I  (D-493) 

C40  =  l-LAs  +  >*(*55  -  kV  ■ 

C4,R=l-k(A«B*MA„„)|  (D-495) 

Parallel  to  equation  D-89,  the  determinant  Opy^u  becomes 

Dpyiu  =  (U  +  Ll)(1  +  p^){pLlB„p  •  +  B^g  +  pB,^,}  (D-496) 


After  appropriate  substitution  of  equations  D-484  to  D-487,  parallel  to  equations 
D-91  to  D-96,  it  is  found  that 


^ylu  =  •  =  -. - 7^ — -5-r  [C42  +C4301  +C44^1  +C45^1  +C46RF12]  (D-497) 

L'l  Lt  +  p  ; 


166 


where 


Cj2  =  I-LlAj;  +  H  (A55  +  L^Ajj)  +  Ajj  +  m,r^,Oj  (siny  -  ncoSY)i  (D-498) 

^43  =  +  ^7)  +  A53I  (D-499) 

■=  l-kA®  +  ^e)  +  (D-500) 

-  1^70  +  +  V  +  V  (D-501) 

(D-SOZ) 

Parallel  to  equation  D-99,  the  determinant  D-  becomes 


DFxil-(Lu  +  Ll)(1  +|i2){LuBiir  +  M,UjBi2R  +  B14) 


(D-503) 


Again,  equations  D-484  to  D-487  are  substituted  into  the  above.  Then  proceed 
parallel  to  equations  D-101  to  D-106.  Finally 


FxIL  = 


Of 


_ _ 

i5r "  lt  (1  +p^) 


T\  1^47  +C48  01  +C49  01  +C50<1)1  +C51RF12]  (0*504) 


where 


C47  =  |LuA62  +  p(LuA67  +  A52)  -  Agg  +  (psiny  +  cosy)|  (0-505) 

C48  =  |1-uA63  +  P(1-uA68  +  A53)  -  Ag^l  (0-506) 

C49  =  |LuS64  +  P(LuA69  +  A54)  -  AggI  (0-507) 

C50  =  ILuAes  +  p(LuA7o  +  A55)  -  A^gl  (0-508) 

C51R  =  |Lu(A66R  +  I1A71R)  I  (0-509) 
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Parallel  to  equation  0-109,  the  determinant  becomes 

'■yiL 

DFyiL  =  (Lu  +  Ll)(1  +  +  LuBi2r  +  Bi3  +  4614}  (D-510) 

After  substitution  of  equations  D-484  to  D-487,  proceed  parallel  to  equation  D-1 1 1 


^yiL  =  =  lTYT+’i?)  ^  Csa^i  +  C54  0i  +  055(^1  +  CssRpia]  (D-51 1) 


where 

C52  =  lUAe?  +  |x(A56  -  UA€2)  +  A52  +  m,r^,0^  (siny  -  pcosy)!  (D-51 2) 

C53  =  ILuAea  +  ti(A57  -  LyAea)  +  A53I  (D-51 3) 

C54  =  (LuAea  +  ^(Asa  -  LuA64)  +  Ag^l  (D-51 4) 

C55  =  |LuA7o  +  p(A59  -  LuAes)  +  A55I  (D-51 5) 

C56R  =  |Lu(A7i  r  -  pAssr)  I  (D-51 6) 


Substitution  of  Tilded  Pivot  Forces  Into  Z-Component  of  Moment  Equa¬ 
tion.  The  sum  of  the  pivot  forces  in  equations  D-479  is  replaced  by  the  sum  of  the 
tilded  pivot  forces,  as  given  by  equations  D-490,  D-497,  D-504,  and  D-51 1 .  Then 

Fx1u  +  f"y1u  +  f'xIL  +  f^ylL  *  F’xlu  +  f'ylu  +  f'xIL  +  ^^ylL  =  A74 

+  A^50i  +  A^g^i^  +  A^^^i  +A7gf,F^2  (D-51 7) 
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where 


_  C37  +  C42  +  C47  +  Cs2 

Lt(i  +p2) 

{D-518) 

_ C38  +  C43  +  C48  +  Cs3 

Lt(i  +p2) 

(D-519) 

_  C39  +  C44  +  C49  +  C54 

Lt(i  +p2) 

{D-520) 

- C40  +  C45  +  C50  +  Css 

Lt(1  +|i2) 

(D-521) 

A-Qn  -  ^41 R  +  C46R  +  C51R  +  CsBR 

Lt(i  +h2) 

(D-522) 

The  above  is  now  substituted,  together  with  the  thrust  friction  according  to 
equation  D-474.  into  the  moment  expression  D-479,  and  all  friction  moments  must  be 
examined  for  proper  sign  to  oppose  motion. 


aGiFi2[sin  ((|)i  -5gi  ->.i)*psircos{0i  -5gi  '  ^i)]  -  psirPgiFi2 


-  PPfl  [a72  ±  A73<|)i]  -  PP1  [a74  ±  A75<j)i  ±  A76<l)l  ±  A77<j>1  +  A78RF12] 
=  -nurd  [OxSiny  -  OyCosy]  +  Aeo  +  Aei^i 


{D-523) 


I 
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Equation  D-523  is  rearranged  to 


^12(301  (sin  {<t>i  -  5gi  -  Xi)  -  M.S1RCOS  (({>1  -  6gi  -  Xi) )  -  M-SirPgi  •  tipiAysR] 


±  M’[pflA72  +  P1A74]  ±  p[pflA73  +  P1A75]  (j)i  ±  lJ.piA76(l)1  ±  ppiA77(t)i 


=  Aeo  +  A6i<t)i  -  mirci  [OxSiny  -  OyCOSY] 


(D-524) 


Now  consider  the  signs  of  the  various  friction  moments,  recalling  that  a  rever¬ 
sal  In  the  gear  train  motion  will  cause  a  change  in  the  sign  of  |i  in  the  program.  The 
following  moment  components  must  have  negative  signs  during  positive  rotation 

1  (D-525) 

since  p,  are  positive,  and  A^^^  is  a  sum  of  absolute  values. 

2:  -pIP„A72  +  P/J  (D-526) 

since  p,,  and  p,  are  positive,  while  A^g  A^^  are  both  absolute  values. 


3:  -pp,A^g^,^ 

since  A^g  is  also  a  sum  of  absolute  values. 


(D-527) 


The  sign  of  the  term  containing  must  be  decided  by  the  sign  of  this  angular 
velocity  only.  Therefore,  the  coefficient  of  friction  must  not  change  sign  on  motion 
reversal,  and  the  expression  takes  the  form 


-I4l  IpfiA^g  +  p^A^g]^, 


(D-528) 
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The  choice  of  signs  in  the  coefficient  of  the  angular  acceleration  <|>i  is  discussed 
in  detaile  in  appendix  F  of  reference  4.  This  leads  to  the  computational  rules  of 
equations  D-535  and  D-536  below. 

With  the  above  considerations,  equation  D*524  becomes 

W-2  -  ^o  ■  +  ^70  ■  -  0,00s  (0-529) 

where 

A79R  =  aGi  [sin  (<>i  -  Sgi  - Xi) -  psipcos ((|)i  •  8gi  -  Xi)]  -  p 


I  ®1rPgi  Pl^78R^  (D-530) 

Aflo  =  PlPf  A2  +  P1A74I  ) 

Ag,  =  IpI  lp,iA^  +  p^A^g]  (D-532) 

^82  =  PPi^re  (D-533) 

A33  =  Ipl  p/^  (D-534) 

Further 

'iR  =  Ae,+A33  (D-535) 

when  and  have  the  same  signs,  and 

',R  =  Ag,  -  A33  (D-536) 

when  and  0i  have  opposite  signs. 
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General  Form  of  Contact  Force  F^^  Terms  of  Rotor  Parameters  When 

Mesh  No.  1  is  in  Round-on-Round  Contact.  Adjustment  for  Contact  Mode  of 
Mesh  No.  2. 

Equation  D-529  may  now  be  rewritten  to  obtain  a  general  expression  for  the 
contact  force  when  mesh  no.  1  is  in  round-on-round  contact 


liR^i  +A8i<i>i  +A8201  +  Aso  +  Aeo  -mi rd [OxSiny- OyCOsy] 

Fi2  = - X— -  (D-537) 

^79R 

When  mesh  no.  2  is  at  the  same  time  in  the  round-on-round  mode,  the  angular  velocity 

4i>i  must  be  obtained  from  equation  F-142  of  appendix  F,  while  the  angular  acceleration 
01  is  given  by  equation  F-143. 

For  mesh  2  simultaneously  In  the  round-on-flat  contact  <i>i  and  0i  are  given  by  equations 
F-1 54  and  F-1 55,  respectively. 

Mesh  No.  1  in  Round*on<Flat  Contact 

Force  Equations  for  the  Rotor  and  Gear  No.  1  With  Mesh  No.  1  in  Round-on- 
Flat  Contact. 

A  top  view  of  the  rotor  and  gear  no.  1  in  the  round-on-flat  contact  mode  is 
shown  in  figure  D-12a.  The  contact  force  on  the  gear  is  now  F21F  and  the  associated 
friction  force  is  given  by  Ff2iF-  Thus,  (again,  see  ref  5)  with  both  forces  equal  and 
opposite  to  F^2f  ^fi2F’  equations  D-696  and  D-697,  respectively 

F21F  =  .  (D-538) 

where,  according  to  equation  G-23  of  reference  5 

Hnfi  =  -sin  (02P  +  ap,)T  +  cos  {^gp  +  (Xp,)T  (D-539) 


Further 


Ff2iF  =  -pS^pF^gpHFl 


{D-540) 
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Rotor  rotates  ccw 


body  diagram  of  rotor  arKl  gear  no.  1 .  Mesh  no.  1  is  in  round-on-flat  contact. 


where,  according  to  equation  G-22  of  reference  5 


npi  =  -cos  (<|>2P  +  api)  i  +  sin  (412?  +  ctpi)  j 


(D-541) 


The  signum  function  Sif  becomes  with  the  help  of  equation  G-33  of  reference  5.  or 
equation  F-24  of  appendix  F 


(D-542) 


A  free  body  diagram  of  the  rotor  pivot,  with  all  normal  and  frictional  forces,  is  given  by 
figure  D-12b.  Since  the  rotation  direction  of  the  rotor  does  not  depend  on  the  mesh 
contact  type,  this  figure  is  the  same  as  figure  D-1 1b. 


The  force  equation  of  the  rotor  is  formulated  according  to  equation  D-431 


Fi2FnNFi  -  pSipFiapnFi  +  Fzik  -  Fxiui  -  Fynj  -  pFxiuj  pFyiui 


+  FxlU  +  Fyiij  +  M-FxiU  -  pFyiLi  ss  miAci/ground  (D-543) 

The  unit  vectors  of  equations  D-539  and  0-541  are  now  substituted  into  equation  0- 
543.  Subsequently,  the  force  component  expressions  may  be  written  with  the  help  of 
equation  D-425 

X-Comoonent  of  Rotor  Force  Equation 


-Fi2FSin  (<|)2P  +  Opi)  -  PSifFi2FC0S  (<1)2P  +  otpi)  -  Fxlu  +  pFyiu  +  Fxil  -  pFyiL 


=  mi  [-rcijoa^cosY  -  oaxcaySiny  +  ((Oz  +  4>if  cosy  +  (©z  +  <l>i)  siny)  +  O, 
Y-Component  of  Rotor  Force  Equation 


(0-544) 


-Fi2fC0S  (<|»2P  +  ctpi)-pSiFFi2FSin(02p  +  opi)-  Fym  -  +  F^^j^  +  pF^^^ 

=  mi  [-rcifco^siny-  ©xcoycosy  +  (©z  +  (|>if  siny  -  (©^  +  <1>  J  cosj  +  Oy 
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(0-545) 


Z-Component  of  Rotor  Force  Equation 


=  ni^{r^,I(o)^cosY  +  cOySinY)(o)^  +  2<j>i)  +  (bxSiny  -  ©ycosy]  +  O^,}  (D-546) 

Moment  Equations  for  the  Rotor  and  Gear  No.  1  With  Mesh  No.  1  in  Round- 
on-Rat  Contact 

The  form  of  the  moment  equation  for  the  round-on-flat  case  of  the  rotor  is 
identical  to  equation  D-436. 

Determination  of  M^^.  The  moment  Maip  of  the  contact  force  Ff2iF  with  re¬ 
spect  to  pivot  is  given  by 

M21F  =  (aci hgi  -  PG1  nwFi )  x  (Fi2FnNFi  -  psiFFi2FnFi )  (D-547) 

This  becomes  with  the  help  of  equations  D-549.  D-541 ,  and  D-438 

M21F  =  aGiFi2F[cos (<>i  -  8gi  - <I>2P -  api)  +  iiSiFSin 

*  ^G1  *  ^2P  *  (D-548) 

Similar  to  equation  D-440,  the  moments  due  to  the  various  pivot  forces  may  also  for  this 
contact  case  be  adapted  from  equation  D-32.  Again,  because  of  the  CCW  rotation  of 
the  rotor,  S5  =  +1 .  Further,  becomes  \l  and  the  subscripts  are  changed  from  the 
primed  to  the  unprimed  coordinate  system.  With  equation  D-548,  the  complete  expres¬ 
sion  for  M01  becomes 

M01  =  [LyPylu  +  M-Luf^xlu  +  U-^ylL  +  xIl]  ■  +  ylu  "  PUif^xlu 


+  pUFyiL  -  LlFxil]  j  +  {aGiPi2F[cos (<|>i  -  5gi  -  <|>2P  -  <xpi)  +  psiFSin 

^^1  '  ^G1  “  ^2P  ■  ®P1^J  '  ^®1fPg1^12F  ■  '  PlP^ylu  ‘  Pl^^xlu 

-  PiP'^yiL  -  PiP^i  (D-549) 
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Note  the  use  of  the  tilded  form  of  Fzi  in  the  above.  This  has  been  defined  by  equation 
D-474. 


First  Term  on  Right  Hand  Side  of  Equation  D<436.  As  in  equation  D-441 , 
the  first  term  on  the  right  hand  side  of  equation  D-436  remains 

mir^iP^sinyi  -  O^cosyj  -  (O^siny  -  OyCOS7)R]  (D-550) 

Time  Rate  of  Change  of  Anguiar  Momentum  l^oi  of  Rotor  With  Respect  to 
its  Pivot  The  applicable  component  expressions  for  the  second  term  on  the  right 

hand  side  of  equation  D-436  remain  the  same  as  given  earlier  for  the  round-on-round 
contact  mode. 

Thus,  according  to  equation  D-449 


Hoix  =  A52  +  A53<i»i  +  +  Agg^i  (D-551 ) 

Further,  from  equation  D-454 

Holy  =  Agg  +  A57<t)i  +  Agg^i^  +  Aggli ,  (0*552) 

and  according  to  equation  D-459 

H011  =  AgQ  +  Ag^0i  (D-553) 


Simplification  of  Force  and  Moment  Equations  and  Determination  of  Rotor 
Pivot  Forces  with  Mesh  No.  1  in  Round-on-Flat  Contact 

X-Component  of  the  Force  Equation 

Equation  D-544  is  now  rewritten  in  the  following  manner 

=  Agg  +  Ag,  0,  +  Agj  «t»i  +  Agg  0,  +  AggpF^gp  (D  554) 
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where,  A62>  Aea,  A64.  and  Aes  remain  as  given  by  equations  D-463  to  D-466,  respec¬ 
tively.  and  now 


=  sin(<t>2p  +  ttp,)  +  ps,p  cos  ((^^p  +  Op,) 


(D-555) 


Y-Component  of  the  Force  Equation 


Equation  D-545  becomes 


=  ^67  +  ^63^,+  Agg  <l>^  +  A^g  0,  +  A„pF,2p 


(D-556) 


where  A^^,  Ag^,  Agg,  and  A^  remain  as  given  by  equations  D-469  to  D-472,  respectively, 


A^^P  =  ps^p  sin  (02P  +  ttp,)  -  cos  +  Wp,) 


{D-557) 


Z-Component  of  Force  Equation 

Equation  D-546  is  again  rewritten  in  the  tilded  form,  and  is  identical  with 
equation  D-474,  i.e., 


F2i=A72  +  A^3  0, 


(D-558) 


where  A^g  and  A^g  are  given  by  equations  D-475  and  D-476,  respectively. 


The  components  of  the  rotor  moment  equation  are  again  written  according  to  equation 
D-436. 


X-Component  of  Moment  Equation 


obtained 


With  the  help  of  equations  D-549,  D-550,  and  D-551  the  following  is 


^*"u^x1u  ^u^ylu  ^*-L^x1L  *  *-L^y1L 


=  m,r^^O^  sin  y  +  Ag^  A^g  0,  +  0?  +  Agg  0, 


(D-559) 


Y-Component  of  Moment  Equation 

Again  with  the  help  of  equations  D-549  and  D-550,  i.e.,  its  y-tactors,  as  well 
as  equation  D-552  the  following  is  found 

■*“u^x1u  *  *"L^x1L 

•  2 

=  -mirctO^cosy  -f  A^e  -t-  +  A5s()>f  -»■  A5g<f>i  (D-560) 

Z-Component  of  Moment  Equation 

Again,  using  the  Z-components  of  equations  D-549  and  D-550  together  with 
equation  D-553,  obtained  tor  the  Z-component  of  the  moment  expression 

"  ^G1  ”  ^2P  '  '  ^G1  '  *^2P  '  ®P1^^ 

-pSlFPGlFl2F  -  PPfiFzl  -  Pp1  {Fxlu  +  Fy1u  +  FxIL  +  Fylt) 

-  *mirci  [OxSiny -  OyCosyj  +  Aeo  +  Aei^i  (D-561 ) 

Solution  of  Rotor  Pivot  Forces 

To  obtain  the  rotor  pivot  forces,  equations  D-554,  D-556,  D-559,  and  D-560 
must  be  solved  simultaneously.  Therefore 


-^x1u  +  ^^^y1u  +  '^x1L-^^’^y1L  =  ®11F 

{D-562) 

‘^^^1u-^1u  +  ^^•^x1L  +  ‘'y1L  =  ®12F 

(D-563) 

^'‘-/x1u  +  ‘-/yi,  +  liJ-L^xIL  ^l^yM  =  ®13 

(D-564) 

■*-u^x1u  ^^*-u^y1u  ■  ^L^x1L  *  >^*-L^y1L  "  ®14 

(D-565) 

179 


where 


BiIF  =  *62  +  *63  *1  +  *64  +  *65  ■"  *666^126 

®12F  =  \7  +  *66  ♦!  +  *69  <’5  +  *70  *1  ■"  *71F®12F  (D-567) 

B,3  =  same  as  equation  D-486 
Bi4  =  same  as  equation  D-487 

Similar  to  the  round-on-round  case  of  the  rotor  (see  equations  D-480  to 
D-483  and  subsequent  discussion)  equations  D-562  to  D-565  together  have  the  same 
general  form  as  equation  D-67  for  the  pallet.  Thus,  the  pallet  pivot  force  solutions  may 
again  be  adapted  to  the  present  round-on-flat  contact  case  of  the  rotor.  As  earlier,  the 
coefficient  of  friction  p  must  replace  the  parameter  Then,  according  to  equation 

D-73 


(D-568) 


Parallel  to  equation  D-80,  the  determinant  D 


xlu 


becomes 


(D-569) 


After  appropriate  substitution  of  equations  D-566,  D-567  as  well  as  D-486 
and  D'487,  parallel  to  equations  D-81  to  D-87,  the  following  is  obtained  for  the  conser¬ 
vation  (tilded)  rotor  pivot  force 


^xlu  “ 


x1u  _  . 


^37  ^38^1  ^39^1  *  ^40^1  ^41F*^12F. 


(D-570) 


where 


C37  =  same  as  equation  D  491 
Cgg  =  same  as  equation  D-492 
Cgg  =  same  as  equation  D-493 
=  same  as  equation  D-494 


and 


C41F  =  (  -Ll(A66F  +  |iA7iF)  I 

Parallel  to  equation  D-89,  the  determinant  Dp  becomes 


(D-571) 


+  +  (D-572) 

After  appropriate  substitution  of  equations  D-566,  D-567,  D-486,  and  D-487, 
parallel  to  equations  D-91  to  D-96,  it  is  found  that 

D. 


F . = 


ylu 


1 


y1u  Q 


Lt(i  + 


[C42  +  +  045(1),  +  04gpF,2pj 


(D-573) 


where 


C42  =  same  as  equation  D-498 
C43  =  same  as  equation  D-499 
C44  =  same  as  equation  D-500 
C45  =  same  as  equation  D-501 


and 


C46P  =  I  Ll(pA66F  -  A/if)  |  (D-574) 

Parallel  to  equation  D-99,  the  determinant  Dp  becomes 

*t‘')ll-„B„p*nL„B,a:  +  nB,3-BJ  (D-575) 

Again,  equations  D-566.  D-567,  D-486,  and  D-487  are  substituted  into 
the  above.  Then  proceed  parallel  to  equations  D-101  to  D-106.  Finally 

Fxil  =  [C47  +  C48  01  C49  0?  +  C50  01  +  CsifFisf]  (D-576) 
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where 


=  same  as  equation  D-505 
C^g  =  same  as  equation  D-506 
C^g  =  same  as  equation  D-507 
Cgg  =  same  as  equation  D-508 

C51 F  =  |Lu  (A66F  +  f)  I  (D-577) 

Parallel  to  equation  D-1 09,  the  determinant  becomes 

•■yiL 

DFyiL  =(Uj  +  Ll){i  +  +  LuBi2  +  Bi3  +  ^Buj  (D-578) 

After  substitution  of  equations  D-566,  D567,  D-486,  and  D-487  proceed 
parallel  to  equation  D-1 1 1 

[^52  +  C53  <)1  +  C54  +  C55  01  +  C56fFi2f]  (D-579) 

where 

C52  =  same  as  equation  D-512 
Cgg  =  same  as  equation  D-513 
=  same  as  equation  D-514 
C55  =  same  as  equation  D-515 
and 

Cggp  =  1  u  (A71F  -  pA66f)  I  (D-580) 
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Substitution  of  Tiided  Pivot  Forces  into  Z-Component  of  Moment  Equa¬ 
tion.  The  sum  of  the  pivot  forces  in  equation  D-561  is  replaced  by  the  sum  of  the  tiided 
pivot  forces,  as  given  by  equations  D-570,  D-573,  D-576,  and  D*579.  Then 

•^X1U  +  Fylu  +  FxIL  »  Fxlu  +  Fylu  +  Fx1L  Fy1L 
=  +  A,g  0?  +  A^  +  A,3pF,2F  (D-581 ) 


where 


A^^  =  same  as  equation  D-518 
A75  =  same  as  equation  D-519 
A^g  =  same  as  equation  D-520 
A^  =  same  as  equation  D-521 


and 


AreF  = 


C41F  +  C46F  +  C51F  +  C56F 


Lt(1  +p^) 


(D-582) 


The  above  is  now  substituted,  together  with  the  thrust  friction  accord¬ 
ing  to  equation  D-558,  into  the  moment  expression  D-561.  Again  all  friction  moments 
must  be  examined  for  their  sign. 

■  ^G1  *  ^2P  ■  l^®1F  '  ^G1  ’  *^*2P  *  ®Pl)l 

"^^®1fPg1^12F  '  PPflf^72  -  ^73 


-HP,[A„  ±  A,5  ♦,  +  A,j  ±  A„ 

=  •™i'ci  1°,  +  (D-583) 

This  is  rearranged  to 


F,2p{aGi(cos(<|>t  -Sgi 


-  (|>2P  -  api)  +  pSiF  sin(<j)i  -  5gi  -  02P  -  otpi)j 


-pjSlFpGI  +  Pi  A78fJ}  ±  PIPFI  A72  +piA74j 
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(D-584) 


±  n[pfi  A73  +  pi  A75J  ±  ppi  A76  i?  ±  ppi  A77  <>i 
=  Aeo  +  Aei  -  mt  fct  [Ox  sin  y  -  Oy  cos  y] 


Now  consider  the  signs  of  the  various  friction  moments  again  as  for 
equation  D-524,  recalling  that  a  reversal  in  the  gear  train  motion  will  cause  a  change  in 
the  sign  of  p  in  the  program.  The  following  moment  components  must  have  negative 
signs  during  positive  rotation 

1 .  (D-585) 

since  and  p^  are  positive,  and  A^^p  is  a  sum  of  absolute  values. 

2:  -P[PmA72  +  PiAyJ  (D-586) 

since  p,,  and  p,  are  positive,  while  A^2  absolute  values. 

3:-^p,A,5♦5  (D-587) 

since  A^g  is  also  a  sum  of  absolute  values. 

The  sign  of  the  term  containing  (j),  must  be  decided  by  the  sign  of  this 

angular  velocity  only.  Therefore,  the  coefficient  of  friction  must  not  change  sign  on 
motion  reversal,  and  the  expression  takes  the  form 


- 1  P  I  [pfiA^g  +  p^A^g]  0^  (D-588) 

The  choice  of  signs  in  the  coefficient  of  the  angular  acceleration  0^  is 

discussed  In  detail  in  appendix  F  of  reference  4.  This  leads  to  the  computational  rules 
of  equations  D-591  and  D-592  below. 

With  the  above  considerations,  equation  D-398  becomes 

^79F^12  '  ^80  *  ^81  ‘  Aga 

=  'iR  +  Ago  -  sin  y  -  cos  y]  (D-589) 
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where 


A79F  =  aci  [cos (<l>i  *  Sgi  - ^  -  otpi)  +  usipsin  (01  -  8gi  - <I>2P  -  opi)] 


-  ^^[SifPgi  Pi^wJ  (D-590) 

Agg  =  same  as  equation  D-531 
=  same  as  equation  D-532 
Ag2  =  same  as  equation  D-533 
Agg  =  same  as  equation  D-534 
Further,  as  in  equations  D-535  and  D-536 

*1R  ~  ^83 

•  •• 

when  0,  and  0^  have  the  same  signs,  and 

I  _  A  -A 
'lR  “  '^83 

•  •• 

when  0^  and  0^  have  opposite  signs. 


{D-591) 


(D-592) 


General  Form  of  Contact  Force  Fi2f  in  Terms  of  Rotor  Parameters  When 
Mesh  No.  1  is  in  Round-on-Flat  Contact.  Adjustment  for  Contact  Mode  of 
Mesh  No.  2 

Equation  D-589  may  now  be  rewritten  to  obtain  a  general  expression  for  the 
contact  force  Fi2F  when  mesh  no.  1  is  in  the  round-on-flat  mode  of  contact 


.  -2 

P  _  liR0i  Aei0i  Ae20i  Aso  Aeo  -  miTd  [OxSin  y  -  Oycos  y]  ^0.593^ 

When  mesh  no.  2  is  ai  the  same  time  in  the  round-on-round  mode,  the 
angular  velocity  0,  must  be  obtained  from  equation  F-146  of  appendix  F,  while  the 

angular  acceleration  0^  is  given  by  equation  F-147. 
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With  mesh  no.  2  simultaneously  in  the  round-on-flat  contact  mode  0,  and  0, 
are  obtained  from  equations  F-150  and  F-151,  respectively. 


DYNAMICS  OF  GEAR  AND  PINION  NO.  2 

(For  force  analysis  background  see  reference  1 ) 

Before  the  force  and  moment  equations  for  the  various  mesh  contact  combina¬ 
tions  of  gear  and  pinion  no.  2  can  be  written,  it  is  first  necessary  to  find  an  expression 
for  the  absolute  acceleration  of  the  gear  and  pinion  pivot  point  Og.  which  coincides  with 


the  center  of  mass  of  this  component.  A  view  of  this  compound  gear  in  the  mecha¬ 
nism  plane  and  in  configuration  no.  2  is  shown  in  figure  D-1 3. 

Absolute  Acceleration  of  Gear  and  Pinion  Pivot  O2 

The  absolute  acceleration  of  pivot  point  0^  is  given  by 

A  =  A  +  A 

^Oj/ground  ^C/ground 

(D-594) 

where 

^/ground  "  Absolute  acceleration  of  geometric  center  C  of  mechanism  plane, 
as  given  by  equation  C-4 

and 

Aq^C  =  0)  X  (O)  X  ^2*^2)  ®  ^  ^2^2 

(D-595) 

where 

(0=(Di+0)j  +  0)k 

X  y  z 

(D-596) 

(b  =  d)  i  +  (0  j  +  0)  k 

X  y  2 

(D-597) 

Further, 

rig  =  cos  Ygi  +  sin  7J 

(D-598) 
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Figure  D-13.  Gear  and  pinion  no.  2  in  mechanism  plane  (shown  in 
configuration  no.  2) 


and 


Wj,  =  cos  Yj 

(D-599) 

%  =  %  sin  Y3 

(D-600) 

With  the  above,  equation  D-595  becomes 

=  P  i  +  P  j  +  P  k 

Oj/C  X  y'  z 

(D-601) 

Where 

P.  =  *  “?)  5*2,  -  “,5*2, 

(D-602) 

P,  =  -  (oi5  +  (1^) 

(D-603) 

P,  *  (",5*2,  ",5*2,)  ",  +  ",9*2,  •  “,5*2, 

(D-604) 

Finally,  equation  D-594  becomes 

^Oj/ground  “  ^x'  ^z^ 

(D-605) 

Where,  with  the  help  of  equations  C-4  and  D-601 

Qx  =  Gx  +  Px 

(D-606) 

Qy  =  G^-^Py 

(D-607) 

Qz  =  G,-.P, 

(D-608) 

Dynamics  of  Gear  and  Pinion  No.  2  with  Mesh  No.  2  and  Mesh  No.  1  in  Round<on- 
Round  Contact 

A  schematic  top  view  free  body  diagram  of  gear  and  pinion  no.  2  with  both 
meshes  in  the  round-on-round  contact  mode  is  shown  in  figure  D-14a.  It  shows  the 
contact  for(» 

F32  =  -F23  =  -^230X2  (D-609) 
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of  pinion  no.  3  on  gear  no.  2,  opposite  to  force  as  given  by  equation  D-145a.  The 
associated  friction  force  F^2  'S  opposite  to  F^^g,  as  given  by  equation  D-146.  Thus, 

^t32  “  *^f23  ~  ’^2R^23^nA.2  (0*610) 

The  contact  force  of  gear  no.  1  on  pinion  no.  2  is  also  shown  in  figure  D-14a. 
This  force  is  opposite  in  direction  to  contact  force  F^^,  which  is  given  by  equation  D-426. 
Then 


Fi2  =  -F21  =  F23nxi  (D-61 1 ) 

The  associated  friction  force  F^^^  's  opposite  in  direction  to  the  friction  force  F,2,  of 
equation  D-428,  i.e. 

^f12  “  '^f21  ~  ^®1R^t2^NA.l  (D-61  2) 

A  free  body  diagram  of  the  pivot  shaft  of  gear  and  pinion  no.  2  is  shown  in  figure 
D-14b.  This  representation  of  normal,  friction  and  thrust  forces  and  torques  acting  on 
the  CW  rotating  component  is  valid  regardless  of  the  instantaneous  combination  of 
mesh  contact  modes. 


Force  Equations 

The  force  equation  is  again  based  on  Newton’s  law,  i.e. 
IF  =  m_A_  ,  . 

2  Onground 


(D-61 3) 


where 


IF  =  sum  of  the  pivot  forces  as  well  as  the  various  contact  forces 
=  mass  of  gear  and  pinion  no.  2 

^o/ground  “  acceleration  of  the  component  center  of  mass,  i.e.,  equation  D-605 
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Gear  and  Pinion  No. 2 
Rotate  in  cw  Direction 


round-on-round  contact 


Gear  and  pinion  2 
rotation  is  cw 


T  ■  M  p^jF  (Thrust  friction 
^2  ^2  torque) 


xF~? 


Z(k) 


f  Y(  j) 


Plane  of  forces 
^12  *  ^32  and  asso¬ 


ciated  friction  forces 


The  full  force  equation  is  now  obtained  with  the  help  of  figures  D-14a  and 
0*1 4b,  as  well  as  equations  0-609  to  0-612 

'^23^X2  '  ®2rI^^23^nX2  '*■  ^12^X1  I^®1R^12^nXi 

*  '^«2u'  ■  tiFxaJ  +  FyzJ  ♦  tiFjjJ  +  F^jk 

-  ^ J  +  fF,  J  -  F,  J-  mF,  J  =  (qJ  +  Qj -f  Q,k)  (D-61 4) 

In  the  above,  and  are  given  by  equations  0-U5b  and  D-147,  respectively,  The 
unit  vectors  rij^^  and  n^j^,  were  defined  by  equations  0-427  and  0-429.  Appropriate 
substitution  and  subsequent  separation  into  x  and  y  components  furnishes 

X-Component  of  Force  Equation 

-Fa  cos  Xj  +  sin  X,  +  F.^  cos  X,  ■  ms.^F.^  sin  X, 

+  '".2u+FF,a,-F,2L-FF,2L  =  mjQ,  (D-61 5) 

Y-Component  of  Force  Equation 

-F23  sin  X2  -  ps^pFgg  cos  Xg  +  F,2  sin  X,  ps,pF,2  ^os  X, 

*  ^’^x2u  *  ^y2u  ’  ^y2L  ~  ^2^y 

Z-Component  of  Force  Equation 

This  thrust  force  is  best  expressed  in  tilded  form,  so  that, 

F,j  =  I  I 

Moment  Equations 

Since  gear  and  pinion  no.  2  represents  a  symmetrica!  body  without  products 
of  inertia,  its  moment  equation  may  be  expressed  in  terms  of  the  projectile-fixed  X-Y-Z 
system  by  the  appropriate  adaptation  of  equation  B-13  of  appendix  B. 

The  angular  velocity  and  the  angular  acceleration  963'’  and  pinion 

no.  2  with  respect  to  the  projectile  must  eventually  be  expressed  in  terms  of  the  escape 
wheel  angular  velocity  ({»  and  angular  acceleration  ^  in  such  a  way  that  the  round-on- 
round  contact  of  mesh  no.  2  is  taken  into  account. 


(D-61 6) 


(D-61 7) 
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This  gives  the  moment  equation  the  following  form  (note  that  the  pivot  point 
O2  and  the  center  of  mass  Ca  coincide) 


M02  =  [lx2«)x  +  lz2<iV  (cDz  +  <1)2)  -  Iy2<»>y^]  ‘ 

+  [ly2^  +  Ix2<i>x<0z  -  Iz2ei>x  +  ^)  ]  j  +  Iz2  (tOz  +  <1>2)  k 


(D-618) 


The  moment  M02  about  point  O2  is  now  found  with  the  help  of  the  pivot  shaft 

free-body  diagram  of  figures  D-14a  andD-14b.  Note  that  the  thrust  torque  ppz2Fz2k 
uses  the  tilded  form  of  Fzz  of  equation  D>617  in  order  to  always  make  this  friction 
moment  positive,  i.e.,  oppose  the  clockwise  rotation  of  the  component.  The  parameter 
Pf2  represents  the  thrust  friction  radius,  while  pa  is  the  radius  of  the  pivot  shaft.  Then 


M02  =  (302002  +  PG2nx2)  X  (-Fasn^a  -  pS2RF23nNX2) 

+  (apinpi  -ppinxi)x(Fi2nxi  +  psiRFian^xi) 

+  PPf2Fz2k  +  (Uk  -  pai)  X  (FxaJ  ■  pFxaJ) 

+  (Luk  -  pai)  X  (Fya J  +  pFyaui)  +  {-Lik  +  pai)  x  (-FxaJ  +  pFxa J) 

+  (-LlR  +  paj)  X  (-Fya  J  -  pFyati)  (D-61 9) 

With  equations  G-2.  G-3.  G-4  and  G-47.  G-48.  G-49  of  ref  5.  the  above  becomes 

M02  =  [pUiF X2u  ■  LuF y2u  +  PU-F x2L  +  LlF yaj  •  +  [LuF x2u 

+  pLuFyau  +  LlFx2l  +  pUFyai]  j  +  [Fasisoa  (sin  ((|»2o  +  802  -  ^1) 

-  psaRCOS  (<>2G  +  5g2  -  M)  •  PPg2S2r1  +  F12  (api  (-sin  (<|)2p  -  6pi  -  A.i) 

+  psiRCOS  (^p  -  8pi  -  Xi) )  -  ppp,s^p}  +  PPpgFjg 

+  PP2  (Fx2u  +  Fyau  +  Fx2L  +  Fyai)]  k  (D-620) 
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Substitution  of  equation  D-260  into  equation  D-618  yields  the  following  moment 
component  expressions 


lent  of  Gear  and  Pinion  Moment  Equation 


flLuF x2u  *  l-uF y2u  +  PLlF x2L  "  U-F y2L  =  1x2®**  + 


lz2Ci)y(a)z  +  <|)2)-  Iy20)y0)z 


(D-621) 


•IIII'I* 


inent  of  Gear  and  Pinion  Moment  Equation 


UiF x2u  +  pl-uF y2u  +  LlF x2L  +  pl-tF y2L  =  Iy2<^  +  Ix2t0x0>z  ‘  l22r0x  (o>z  +  4*2)  (D-622) 

Z-Comoonent  of  Gear  and  Pinion  Moment  Equation 

F23  [aG2  (sin  (<|>2G  +  5g2  -  X,2)  -  pS2RCOS  {<j)2G  +  8g2  -  ^2)  )  -  PPG2S2r] 

+  Fi2 [api  (-sin  ((fep  ’  5pi  -  Xi)  +  psipcos (4)2P  -  8pi  -  A,i) )  -  pppiSip] 

+  M-Pf2F  j2  +  MP2  (F  x2u  +  F y2u  +  F x2L  +  F y2L)  =  Iz2  (wz  +  4*2)  (D-623) 


Simplification  of  Force  and  Moment  Equations  and  Determination  of 
Pivot  Forces  of  Gear  and  Pinion  No.  2 


X-C 


•Jill*;* 


inent  of  the  Force  Equation 


Equation  0-615  is  now  rewritten 


-Fx2u  ■  pFy2u  +  Fx2L  +  pFy2L  =  A84nRF23  +  A85RrFi2  +  Aee  (D-624) 

where 


A84FV1  =  -(cOSX,2  +  pS2RSinX2) 

(D-625) 

Assrr  =  cosXi  -  psiRSinXi 

(D-626) 

Ass  =  -M2Qx 

(0-627) 
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Equation  D-616  is  rewritten 


hFx2u  -  Fy2u  -  4Fx2l  +  Fy2L  =  AaTfiRpas  +  Aa8nnFi2  +  Aag 

where 

Astrr  =  -(sinX2  +  ^S2rcosX2) 


Assrr  =  sinXi  +  iiStRCOsXi 
Agg  =  -m2Qy 

The  Z-component  of  the  force  equation  remains  as  in  equation  D-617. 


Equation  D-621  is  rewritten 


-pLuF x2u  +  LuF y2u  ’  x2L  +  y2L  =  Ago  +  Agi4>2 

where 

*90  =  -[',2“x  +  “,“z('z2-'y2)] 

A91  =  ”1220^ 


Equation  D-622  is  rewritten 


-LuF x2u  *  pLuf" y2u  ~  i-L^ x2L  ”  y2L  =  Ag2  +  A93(jt2 

where 

A92  =  -  [^2^^  +  WxtOz  (1x2  -  I22)  ] 

A93  =  iz2<«>x 

Equation  D-623  for  the  Z-component  of  the  moment  remains  as  is. 


(D-628) 

(D-629) 

(D-630) 

(D-631) 


(D-632) 

(D-633) 

(D-634) 


(D-635) 

(D-636) 

(D-637) 
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Simultaneous  Solution  of  Pivot  Forces.  Equations  D-624.  D-628. 
D-632,  and  D>635  are  now  solved  simultaneously  for  the  pivot  forces.  Therefore 


-Fx2u  -  x2L  +  pFy2L  *  B21 

pFx2u  -  Fy2u  -  pFx2L  +  Fy2L  =  B22 
-pLuFx2u  +  LuFy2u  -  PUFx2L  +  U.Fya  =  B23 
-LuFx2u  '  pLuFy2u  -  UFx2L  -  pl-LFy2L  =  B24 


(D-638) 


where 


B21  *  Ae4RRF23  +  AasRpFi;  V 

(D-639) 

B22  «  A87fVtF23  +  A88RrFi2  4  Ap 

(D-640) 

B23  =  Ago  +  Agife 

(D-641) 

B24  =  Ag2  +  Ag34>2 

(D-642) 

NOTE:  Since  the  621  fo  not  appear  in  the  computer  program,  their  subscripts  will  not 
be  adjusted  for  the  various  mesh  contact  modes.  Only  the  A’s  and  C’s  wil!  reflect  these 
variations. 


To  use  the  solutions  of  equation  D-67,  equation  D-638  has  to  be 
changed  to  a  form  that  has  the  same  signs  as  this  set  of  expressions.  This  may  be 
accomplished  by  substituting 

p*  =  -p  (D-643) 


(This  replaces  An  =  P1S5  in  equation  D-67.)  Equation  D-638  then  becomes 

■F x2u  +  P^F y2u  +  F x2L  ■  P*F y2L  =  B21  ^ 

-P*Fx2u  -  Fy2u  +  P*Fx2L  +  Fy2L  =  B22 
P*UjFx2u  +  LuFy2u  +  P*U.Fx2L  +  LLFy2L  =  B23 
-UjFx2u  +  P*LuFy2u  '  LlFx2L  +  P*LLFy2L  =  B24 


> 


(D-644) 


With  the  above  substitution  (i.e.,  eq  D-643)  the  coefficient  determinant 
of  equation  D-644  becomes  according  to  equation  D-75 


D  =  [(Lu  +  Ll)(i  +P^)1^ 


(D-645) 
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According  to  equation  D-80,  the  determinant  Dpxzu  becomes  with 
the  appropriate  changes 

Df«„  =  (U,  +  U)(  1  +  -  B  J  (D-646) 

Now  substitute  for  the  B^j’s  according  to  equations  D-639  to  D-642 


Dfx2u  “(Lu  +  Ll)(1  +  P  )  {'LJAg^PpFgg  +  AggppF^g  +  A^g] 
i^^Lf^87RR^23  "*■  ^88RR^12  ^9^ 

-  ^ -  IA,2  A„‘i‘2l}  (D-647) 

After  collecting  of  terms,  the  tilded  force  Fxau  becomes 

Fx2u  -  IC57  +  Csa  <>2  +  C59RRF23  +  CeoRRFiaJ  (D-648) 

where 

C57  =  l-LAe  +  -  Ago)  -  Ag^l  (D-649) 

Cse  =  l^‘A,,  +  A,3|  (D-650) 

^59nR  “  IM^e7RR  ■  A84Rr)!  (D-651  ) 

^eoRR  “  IM^88RR  ■  Absrr)!  (D-652) 

According  to  equation  D-90.  DFy2u  with  appropriate  changes  becomes 

Df,2u  -  (Lu  +  Ll)  (1  +  p')[-pLlB2,  -  L^B^^  -H  B33  -  pB^J  (D-653) 

Substitution  of  equations  D-639  to  D-642  gives 

Dpyau  "(Lu  +  Ll)(1  +p  )  {-pLJA3^PP^F23  +  Agg^^F^j  +  A^^] 


'^L  fA87RR^23  A88RR^12  Aagl 
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+  [Ago  +  A9,<1>2]  - 


(D-654) 


After  appropriate  collecting  of  terms,  the  tilded  force  Fy2u  becomes 


Fy2u  = 


where 


=  — jz — TaT  [Cei  +  Cea  02  +  CeaRnFas  +  C64RrFi2] 

D  Lt  ( 1  +  p  ) 


(D-655) 


^61  “  I'^lAsO  ‘  ^[*-lA86  A92)  A90I 


(D-656) 


^62  "  lAgi  *  1^93! 


(D-657) 


^63RR  ~  I^l[^^84RR  AarRR^I 


(D-658) 


^64RR  “  I^l[^*A65RR  A88Rr)I 


(D-659) 


becomes 


According  to  equation  D-100,  Dp  with  the  applicable  changes 


DFx2L  =  [Lu  +  U)(l  +  P^){UB21  -  pLuB22  -  pB23  -  B24I 


(D-660) 


Substitute  equations  D-639  to  D-642 


Dp^a.  ~  Ll)(1  [^uilAg^ppFgg  +  AggppF^g  ^  A^^] 

-  [Ag^ppFjg  +  AggppF^2  +  Agg] 


-f^[A9O  +  Ag,0]-[Ag2  +  Ag3(|>3]} 


(D-661) 


After  collecting  of  terms,  the  tilded  force  F  ,,  becomes 


Fx2L - ^  f  1^2^ I ^65  +  Cee  02  +  CerRR F23  +  C68RRF12I 


(D-662) 


where 


Cgg  =  |-p  (LuAeg  +  Ago)  +  L^JAgg  -  Ag 


(D-663) 
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Cee  =  +  A,3|  (D-664) 

^67RR  =  l*-u  {A84RR  *  ^iAbtHr)  |  (D-665) 

^68RR  =  l*-u  (Assrr  -  ^AeaRR)  |  (D-666) 

According  to  equation  D-109,  the  determinant  after  applicable  adaption  becomes 

^y2L 

DFy2L  =  (U  +  UJ  (1  +  {pLuB2i  +  I-uB22  +  B23  -  PB24)  (D-667) 

Substitution  of  equations  D-639  to  D-642  leads  to 

Dpya.  ”  +  Ll)(1  +  p^)  {P^lA84RRf^23  ^85RR^12  ^86^ 

+  Uj  [A87rr^23  ^88RR^12  ^89^ 

+  (Ago  +  -  PlAgg  +  )  {D-668) 

Again,  terms  are  collected  and  an  expression  for  the  tilded  force  is  found. 
Therefore 

F  2l  =  — ^  - 2\  [^69  "*■  ^70^2  ^71RR^23  ^72RR^1  J  (D-669) 

+  pi 

where 


Cgg  =  |LgA89  +  p(LuA86  -  A92)  +  A90I 

{D-670) 

^70  “  1^91  ‘  ^^93! 

(D-671) 

^71 RR  =  l^-u  (pA84RR  +  AstRr)! 

(D-672) 

^72RR  =  l^-u  (pAssRR  +  A88Rr)  j 

(D-673) 
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Determination  of  Contact  Force  in  Terms  of  Contact  Force  F^^  Gear 

and  Pinion  No.  2  Parameters  with  Both  Meshes  in  Round-on-Round 
Contact 

Substitution  of  equations  D-648.  D-655,  D-662,  D-669,  and  D-617  into  the 
Z-moment  equation  D-623  is  now  required.  First,  let  the  tilded  forces  be  added 


Fx2u  +  Py2u  +  Fx2L  +  Py2L  ®  A94  +  Ags^  +  Ag6RRF23  +  A97nRFi2  (D-674) 


where 


A94  = 

C57  +  Cei  +  Ces  +  C69 

(D-675) 

Lt(1  +p2) 

A95  = 

Csa  +  Cea  +  Cee  +  C70 

(D-676) 

Lt(1  +p^) 

A96RR 

C59RR  +  CeSRR  +  C67RR  +  C71RR 

Lt(1+p2) 

(D-677) 

A97RR 

_  CeoRR  +  C64RR  +  CeSRR  +  C72RR 

LT(1+p2) 

(D-678) 

Further,  let  equation  D-61 7  be  expressed  as 

K2  =  =  I'^2QzI  (D-679) 

Equation  D-623  then  becomes 

^23^^02^®*  ^G2  "  ^2^  ”  i^®2R^®®^^2G  ^  ^G2  '  ^2^^  '  ^Pg2®2R^ 

*  ^P1  *  M-®! rCO®(02P  '  ^P1  '  ^1))  '  M-Pp^S^p] 

+  PPf2^98  ^P2  t^94  -  ^95^2  ^96RR^23  ^97RR^12J 

=  lz2(G>z  +  i)  (D-680) 
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^G2  '  ^2^  '  ^^®2R^°®^*^2G  ^G2  '  ^2^^  ’  ^Pg2®2R  "*"  ^P2^96Rr1 

+  Pi2^®p/*®'^^^2P  '  ^P1  '  ■*■  l^®1R^®^(^2P  '  ^P1  '  ’  ^Ppi®1R  ■‘'  PP2^97RrJ 

+  PlPf2%  +  P2A94]  ±  PP2A95<i>2  =  A99  +  (D-681  ) 

where 

A99  =  1,2^,  (D-682) 


A100  ~  *22 


(D-683) 


Now  consider  again  the  signs  of  the  friction  moment  terms,  recalling  that  a 
reversal  in  the  gear  train  motion  will  cause  a  change  of  the  sign  of  |i  in  the  program. 
The  component  rotates  normally  in  a  clockwise  direction  and  the  following  friction 
moments  must  be  positive. 

pF23p2AggRR  (Aggpp  Is  sum  of  absolute  values)  (D-684) 

pFi2p2Ag7RP  (Ag^pf,  is  sum  of  absolute  values)  (D-685) 


PlPf2A98  +  P2A94]  (A94  and  Ag^  are  absolute  values)  (D-686) 

The  moment  represented  by  the  term  containing  0^  rnust  always  act  opposite 

to  the  direction  of  rotation  of  gear  and  pinion  no.  2.  Therefore,  the  term  must  have  a 
negative  sign  and  the  absolute  value  of  p  must  be  used 

-  iPlPsAggi^  (D-687) 

Note  that  Ag^  is  an  absolute  value. 


With  the  above  considerations,  equation  D-681  becomes 
^23l®G2^®''^^^2G  ^G2  '  "  P®2Rp®®^^2G  ^2G  ‘  ^2^^  '  PPg2®2R  PP2A96RRI 

+  ^i2[®pi(*®'n(02p  *  5p.,  -  A.^)  +  ps^pCOS(02p  ■  5p^  -  A.^))  -  ppp^s^i^  +  pp^Ag^P^] 

PlPfgAga  +  P2A94]  ■  IPlp2A954>2  ~  Agg  +  A^ggijig  (D-688) 
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Finally,  the  above  is  solved  for 


F  =  Ai02RrFi2  -  Aio3  +  Ai04  ({)2  +  A99  +  Aiqq  ([>2  (D-689) 

23  Aioirr  ' 

where 

^lOIRR  “  ^G2  '  ^2^  "  ^^®2r‘^°®^‘)^2G  ^G2  '  ^2^^  ‘  ^^Pg2®2R  ■*■  ^P2^96RR  (D-690) 

A,02rr  =  -[api  {-sin(^  -  5pi  -  Xi)  +  hSirOOS(^  -  Sri  -  Xi))  -  mppiSir  +  MP2A97flR]  (D-691 ) 

^103  =  p[p(2%  ^  P2A94I  (D-692) 

Aio4  =  IPIP2A95  (D-693) 

Dynamics  of  Gear  and  Pinion  No.  2  with  Mesh  No.  2  and  Mesh  No.  1  in 
Round-on-Fiat  Contact 


A  schematic  top  view  free  body  diagram  of  gear  and  pinion  no.  2  with  both  meshes 
in  the  round-on-flat  contact  mode  is  shown  in  figure  D-1 5.  It  shows  the  contact  force 


23F^NF2 


(D-694) 


of  pinion  no.  3  on  gear  no.  2,  opposite  to  force  F^gp,  as  given  by  equation  D-245a.  The 
associated  friction  force  F^g^p  is  opposite  to  F^^gp,  as  given  by  equation  D-246.  Thus 

^f32F  “  '^f23F  ”  'P^®2F^23F'^  F2  (D-695) 


The  contact  force  F^^f  9®®’’  ^  pinion  no.  2  is  also  shown  in  figure  D-1 5. 

This  force  is  opposite  in  direction  to  contact  force  F^^p,  which  is  given  by  equation 
D-538.  Then 


12F^NF1 


(D-696) 


The  associated  friction  force  Ffi2F  is  opposite  in  direction  to  the  friction  force  Fm2f  of 
equation  D-540,  i.e. 

^f12F  ~  ■  ^»21F  “  P®1F^12F^F1  (D-697) 
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Figure  D-14b  may  also  be  used  for  the  present  case  as  a  free  body  diagram  of  the  pivot 
shaft  of  gear  and  pinion  no.  2.  As  stated  earlier,  this  representation  of  normal,  friction 
and  thrust  forces  and  torques  acting  on  the  CW  rotating  component  is  valid  regardless 
of  the  instantaneous  combination  of  mesh  contact  modes. 


Force  Equations 

The  force  equation  is  again  based  on  Newton’s  law,  i.e. 
IF  =  m.A^ , 

2  Onground 


(D-698) 


where 

IF  =  Sum  of  the  pivot  forces  as  well  as  the  various  contact  forces 
m^  =  Mass  of  gear  and  pinion  no.  2 

Ao^ground  “  Acceleration  of  the  component  center  of  mass,  i.e.,  equation 

D-605 


The  full  force  equation  is  now  obtained  with  the  help  of  figures  D-15  and 
D-14b,  as  well  as  equations  D-694  to  D-697 

■^23F^NF2  *  f^®2F^23F^F2  '  ^12F^NF1  ^®1F^12F^F1 

+  F x2ui  ■  x2uj  +  P y2uj  y2ui  + 

■  F.2 J  J  -  F,  J  ■  mF,  J  =  m,(Q  T  +  Qj  +  Q^k)  (D-699) 

In  the  above,  n^p^  ^f2  given  by  equations  D-245b  and  D-247,  respectively.  The 
unit  vectors  ri^p^  and  rip^  were  defined  by  equations  D-539  and  D-541 . 

Appropriate  substitution  and  subsequent  component  separation  furnished  the  following 
X-Component  of  Force  Equation 

+  F,2pSin(<t)2p  +  Op,)  +  ps,pF^2pCOS«»2p  +  ttp^) 


+  Fx2u  +  fAFy2u  ■  Fx2L  *  =  ni2Qx 


(D-700) 
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Y-Component  of  Force  Equation 


-F23pCos(<|)s  -  ttp^)  -  ns2pF23pSin(<|>s  -  ap2) 

-Fi2pCOS((t)2p  +  ttp,)  +  ^S,p  F,jpSin((|,jp  +  Op,) 

-HFx2u  +  Fy2u  +  ^Fx2L  -  Fy2L  =  m2Qy  (D-701 ) 


Z-Component  of  Force  Equation 

This  thrust  force  is  best  expressed  in  tilded  form,  so  that, 

K2  =  (D-702) 

Moment  Equations 

Again,  the  moment  equation  is  expressed  in  terms  of  the  projectile-fixed 
coordinate  system.  The  angular  velocity  ^2  angular  acceleration  ^2 

reflect  the  round-on-flat  contact  of  mesh  no.  2,  when  these  quantities  are  expressed  in 
terms  of  the  escape  wheel  angular  velocity  and  acceleration.  With  the  above,  equation 
0-616  is  again  applicable. 

The  expression  for  the  moment  Mq2  is  now  found  with  the  help  of  the  free 

body  diagrams  of  figures  D-15  and  D-14b.  The  remarks  concerning  the  thrust  friction 
torque,  following  equation  D-618,  still  hold.  Then 

^02  ~  ^®G2^G2  Pg2^NF2)  ^  ^*^23f'^NF2  '  M^®2F  ^23FnF2)  +  QiPfi  x(-Fi2FnNFl) 

+  |Lgk  -  p2i)  X  (F x2ui  ■  pF X2uj)  +  (Lgk  *  pgj)  X  (F y2gj  +  pF y2ui) 

+  (-l^k  +  p J)  X  (-F,jJ  4.  pF,  j) 

4  (-L^k  4  pj)  X  (-F^  J  -  pF^J)  (D-703) 
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The  above  becomes  with  equations  G-22,  G-23,  G-47,  G-64,  and  G-65  of  ref  5 

M02  =  [fil-uF x2u  •  LuF y2u  +  (aU-F x2L  *  LlF y2L]  • 

[^u^x2u  ^*-u^y2u  *"L^x2L  ^^*"L^y2L]  j 

+  [F23F  (aG2  (-COS  (<|>2G  +  8g2  -  <|>s  +  ap2) 

+  ^lS2FSin  (<|>2G  +  5g2  -  <l>s  +  ap2)  )  +  pG2^lS2F]  "  giFi2F 

+  PPf2Fz2  +  W>2  (Fx2u  +  Fy2u  +  Fx2L  +  Fy2L)  ]  k  (D-704) 

Substitution  of  equation  0-704  into  equation  D-618  yields  the  following  moment 
component  expressions. 

X-Comoonent  of  Gear  and  Pinion  Moment  Equation 

pi-uF x2u  ■  LyF y2u  +  pl-lF x2L  *  LlF y2L 

=  Iy20>x  +  iz2^  (o)z  +  <>2)  -  iy2<0y<*^  (D-705) 

Y-Comoonent  of  Gear  and  Pinion  Moment  Equation 
LuFx2u  +  pLuFy2u  +  I-LFx2L  +  PUFy2L 

=  Iy2<ay  +  •x2<0xt0z  -  Iz2<0x  (o^  +  <1>2)  (D-706) 

Z-Comoonent  of  Gear  and  Pinion  Moment  Equation 

'"23F  1^62  ('COS  (<t>2G  +  5q2  -  <l>s  +  «P2)  +  {^2G  +  ^02  '  <i>s  +  ap2) ) 

+  PG2PS2IF}  -  giFi2F  +  PPf2Fz2  +  PP2  (Fx2u  +  Fy2u  +  Fx2L  +  Fy2L) 

+  y  (D-707) 

Simplification  of  Force  and  Moment  Equations  and  Determination  of 
Pivot  Forces  on  Gear  and  Pinion  No.  2 

X-Comoonent  of  the  Force  Equation 

Equation  D-700  is  now  rewritten 

-Fx2u  -  pFy2u  +  Fx2L  +  pFy2L  =  A84FfF23F  +  A85FfFi2F  +  Ase  {D-708) 
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where 


A84FF  =  sin  (4>s  -  ap2)  -  hS2fC0S  (4>s  -  ap2)  (D-709) 

A85FF  =  sin(^P  +  api)  +  nsiFCOs(<>2P  +  api)  (D-710) 

A86  =  -m2Qx  (D-711) 

Y-Component  of  the  Force  Equation 
Equation  D-701  is  rewritten 

^^x2u  ’  ^y2u  *  ^x2L  *  ^y2L  ”  ^87FF^23F  "*■  ^88FF^  12F  *  ^89  (D-71 2) 

where 

A87FF  =  -  (cos  -  ap2)  +  ^S2FSin  -  ap2) )  (D-71 3) 

Assff  =  -cos  (<|>2P  +  cxpi)  +  usipSin  (<|)2P  +  ctpi )  {D-71 4) 

A89  =  -m2Qy  (D-71 5) 


The  Z-component  of  the  force  equation  remains  as  in  equation  D-702. 
X-Comoonent  of  the  Moment  Equation 
Equation  D-705  is  rewritten 


-pLyF x2u  +  LuF y2u  -  pi-lF x2L  +  l-LFy2L  =  Ago  +  Agiife 


where 

^So'i'xA-^^y^zCza-y] 


Agi  =  -Iz2<0y 


lent  of  the  Moment  Equation 


Equation  D-706  is  rewritten 


(D-71 6) 


(D-71 7) 
(D-71 8) 


x2u  -  M-l-uF y2u  -  L4.F x2L  -  y2L  =  A92  + 


(D-71 9) 
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where 

• 

A92  =  ■  +  ©x<i>z  (1*2  ■  Jz2)  ] 

(0-720) 

A93  =  Iz20>2 

(0-721) 

Equation  0-707  for  the  Z-component  of  the  moment  equation  remains  as  is. 

Simultaneous  Solution  of  Pivot  Forces.  Equations  D-708.  D-712, 

0-716,  and  0-719  are  now  solved  simultaneously  for  the  pivot  forces.  Therefore. 

-Fx2u  -  pFy2u  +  Fx2L  +  pFy2L  =  B21  ^ 

pFx2u  -  Fy2u  -  pFx2L  +  Fy2L  =  B22 

-pLuFx2u  +  UFy2u  -  PUFx2L  +  U.Fy2L  =  B23 

/ 

-LuFx2u  ■  HLuFy2u  -  I-lFx2L  -  pLLFy2L  =  B24  ^ 

(0-722) 

where 

®21  ~  ^84FF^23F  ^85FF^12F  ^86 

(0-723) 

B22  =  A07FfF23F  +  A88FfFi2F  +  A89 

(0-724)  " 

B23  =  A90  +  A9i<>2 

(0-725) 

B24  =  A92  +  A93<>2 

(0-726) 

As  decided  earlier,  since  the  621  do  not  appear  in  the  computer  program,  their  sub- 

scripts  will  not  be  adjusted  for  the  various  mesh  contact  modes. 

Only  the  A’s  and  C’s 

will  reflect  these  variations. 

To  use  the  solutions  of  equation  0-67,  equation  0-722  has  to  be 

changed  again  to  a  form  that  has  the  same  signs  as  this  set  of  expressions.  This  may 

be  accomplished  by  subsituting 

(0-727) 

• 
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(This  replaces  An  =  piSs  In  equation  D-67.)  Equation  D-722  then  becomes 

-F x2u  +  P*F y2u  +  F x2L  ■  y2L  =  B21 
■P*f^x2u  ■  f^y2u  +  P*F x2L  +  Fy2L  =  B22 

^  ^u^x2u  *-u^y2u  *  ^  *-L^x2L  *  *-L^y2L  “  ®23 

-LuF x2u  +  P*UiF y2u  ■  U-P x2L  +  P*LLFy2L  =  B24  ^  (D-728) 

With  the  above  substitution  (I.e..  equation  D-727)  the  coefflci^ 
determinant  of  equation  D-728  becomes  according  to  equation  D-75 

D  =  [{Lu  +  Ll)(i +p2)]2  (D-729) 

According  to  equation  D-80.  the  determinant  now  becomes 
with  the  appropriate  changes 

Dp^  =  (U,  +  k)  (1  +  p^)[-kB2i  +  pkB22  -  PB23  -  B24]  (D-730) 

Now  substitute  for  the  B2j’s  according  to  equations  D-723  to  0-726 

Df*2u  =  (k  +  k)(l  +  l-k  [A84FfF23F  +  A85FfFi2  +  Ase] 


+  pk  [A87FfF23F  +  A88FfPi2F  +  Abq] 

•p  [Aso  +  AgiCfe]  -  [a92  +  AgaCfe]  )  (D-731 ) 

After  collecting  the  terms,  the  tllded  force  Fx2u  becomes 

Fx2u  =  “  7~77^ - [^57  +  C58<te  +  C59PPF23F  +  C60FfFi2f] 

D  Lt(1+p2)  (D-732) 

where 

C57  =  l-kAee  +  p(kA89  ■  Ago)  -  A92j  (D-733) 

Csa^lpAgi +A93I  (D-734) 

C59FF  =  |k(pA87FF- A84Ff)|  (D-735) 

Csoff  =  |Ll  (pAgeFF  -  Assff)  I  (D-736) 
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(D-737) 


According  to  equation  0-90,  DFy2u  with  appropriate  changes  becomes 
DFy2u  =  (Lu  +  UJ(1  +  |X^)[-pU.B2l  -  LlB22  +  B23  -  pB24] 
Substitution  of  equations  D-723  to  D-726  gives 

DFy2u  =  (U  +  U)  (1  +  {'Pl-L  [Ae4FFp23F  +  A85FfFi2F  +  Aae] 

-  U  [A87FfF23F  +  A88FFFi2F  +  Aag] 

+  [Aqo  +  A9i(|)2]  -  m[a92  +  Agaife]  ) 

After  appropriate  collecting  of  terms,  the  tilded  force  Fy2u  becomes 
Fy2u  =  — ^  ^^®3^^23F  +  C64FfFi2f] 


where 


Cei  =  I’UAsg  -  m(LlA86  +  A92)  +  A90I 

C62  *  IA91  -  pAgal 

CesFF  “  |Ll  (pA84FF  +  Astff)! 

C64FF  =  |Ll  (mAsSFF  +  A88Ff)| 

According  to  equation  D-100,  Ofx2l  with  the  applicable  changes  becomes 
DFx2L  -  (Lu  +  u.)(l  +  p^)  (LuB21  -  pLuB22  -  pB23  *  B24) 


Substitute  equations  D-723  to  D-726 

DFx2L  =  (Lu  +  Ll)  (1  +  p^)  { U  [A84FfF23F  +  A85FFFi2F  +  Aas] 
-  pLu  [A87FfF23F  +  A88FfFi2F  +  Agg] 


(D-738) 

(D-739) 

(D-740) 

(D-741) 

(D-742) 

(D-743) 

(D-744) 


After  collecting  of  terms,  the  tilded  force  F^2l  becomes 


Fx2L  = 


Df, 


_\2{. 


(D-746) 


where 

^65  =  I*4(LuA89  +  Ago)  +  i-uAgo  *  Agg]  (D-747) 

^66  =  +  Agal  (D-748) 

CsTFF  =  |Lu(A84FF  -  flAgTFF)!  (D-749) 

CeSFF  *  |Lu(A8SFF  ■  fiAgaFF)!  (D-750) 


According  to  equation  D-1 09,  the  determinant  D.  after  applicable  adaptation  becomes 


DFy2L  (U  +  Ll)  (1  +  l^UBai  +  LuB22  +  B23  -  pB24  j  (D-751 ) 

Substitution  of  equations  D-723  to  D-726  leads  to 


DFy2L  =  (Lu  +  UJ  (1  +  (flLo  [Ag4FFF23F  +  AgsFFPlZF  +  Agg] 

+  Lu  (AgTFFPaSF  +  AgaFFFi2F  +  Agg] 

+  [Ago  +  Ag>,]  -  n[Ag3  +  (D-752) 

Again,  terms  are  collected  and  an  expression  for  the  tilded  force  is  found. 
Therefore 

^y2L  ~  ~  Lt(1  ^  ^70^2  ^71FF^23F  ^72FF^12F]  (D-753) 

where 

Cgg  =  ILuAgg  +  p(LuAa6  -  A92)  +  Ago|  (D-754) 

C70  =  IA91  -  ^^93!  (D-755) 
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C71FF  =  |I-u(^iA84FF  +  AbtFF)! 


(D-756) 


C72FF  =  |Lu(klA85FF  +  AssFF)! 


(D-757) 


Determination  of  Contact  Force  in  Terms  of  Contact  Force  F^^^  and 

Gear  and  Pinion  No.  2  Parameters  with  Both  Meshes  in  Round-on-Fiat 
Contact 

Substitution  of  equations  D-732,  D-739,  D-746,  D-753,  and  D-702  into  the 
Z-moment  equation  D-701  is  now  required.  First,  let  the  tilded  forces  be  added 


^x2u  ^y2u  ^x2L  ^y2L  “  ^94  ^96FF^23F  "*■  ^97FF^  12F  (D-758) 


where 


^94  = 


Cs7  +  Cei  +  Ces  +  Css 
Lt(1  +|x^) 


(D-759) 


^95  = 


Css  +  Cea  Cee  C70 
Lt(1  +fi^) 


(D-760) 


C59FF  +  CeSFF  +  C67FF  +  C7IFF 
Lt(1  +h2) 


(D-761) 


CsOFF  C64FF  +  CssFF  C72FF 
Lt(1  +4^) 


(D-762) 


Further,  let  equation  D-702  be  expressed  as 


F^2  -  Agg  -  InigQ^I 


(D-763) 


Equation  D-707  then  becomes 


'2G  ''G2  '•'S  ®P2^  ■*'  f^®2F®*'^^^2G  "*■  ^G2  '  ®P2)^ 


+W>G2S2F}  ■  9if^i2F  ^Pf2^98  ■*'  ^^2  1^94  “  ^95^2  '^96FF^23F  ^97FF^12F^ 


=  y«z+  ‘>2) 


(D-764) 
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or 


F23[aG2(-cos(<l)2Q  +  5q2  -  <t>s  +  otpg)  +  ^S2pSin((j)2G  +  5q2  -  (l)s  +  ttpg)) 
+  +  ^^P2^96Ff1  '  ^ISF^I  ‘  PP2^97Ff1 


+  PiPAa  +  P2^4]  ±  ^P2\5^2  =  A99  +  A, ^02 
where  again,  as  in  equations  D-682  and  D-683 


A99  =  'z2“z 


A, 00  =  'z2 


(D-765) 

(D-766) 

(D-767) 


Now  consider  again  the  signs  of  the  friction  moment  terms,  recalling  that  a 
reversal  in  the  gear  train  motion  will  cause  a  change  of  the  sign  of  \i  in  the  program. 
The  component  rotates  normally  in  a  clockwise  direction  and  the  following  friction 
moments  msut  be  positive. 

pFggpgAggFF  ( Aggpp  is  the  sum  of  absolute  values)  (D-768) 

pFigpjAg^FF  (A97PP  is  the  sum  of  absolute  values)  (D-769) 

PlPf2%  *  p2^94J^^94  ^98  ^bsolute  values)  (D-770) 

The  moment  represented  by  the  term  containing  must  always  act  opposite  to  the 
direction  of  rotation  of  gear  and  pinion  no.  2.  Therefore  the  term  must  have  a  negative 
sign  and  the  absolute  value  of  p  must  be  used 

■|PlP2^95^2  (D-771) 

Note  that  Ag^  is  an  absolute  value. 


With  the  above  considerations,  equation  D-765  becomes 

^23Ff®G2^*®®®^*^^2G  ^G2  '^S  ®P2^  P®2F®’^(^2G  ^G2  ’ 


+  P®2fPg2  PP2^96FF^  "  ^12Ffel  ’  PP2^97Ff1 

+  ^^[Pf2A98  +  P2A94I  -  IPIP2A95^2  =  ^9  +  ^,90^2  (^-772) 
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Finally,  the  above  is  solved  for  F23F 


F23F® 


Aio2FfFi2F  -  Aio3  Aio4<>2  Aqq  *  Aiqq^ 
A10IFF 


(D-773) 


where 


Aioiff  *  aG2(-cos  (<teG  +  8g2  -  <l>8  +  OP2)  +  ^S2FSin  +  8g2  -  ^  +  ap2)) 


+  p  (P2A96FF  +  S2FPG2) 

(D-774) 

Aio2FF  =  gi  -  PP2A97FF 

(D-775) 

Aio3  =  p[pf2A9a  +  P2A94] 

(D-776) 

Ai04  “  I  P  I P2A95 

(D-777) 

Dynamics  of  Gear  and  Pinion  No.  2,  with  Mesh  No.  2  in  Round-on>Round 
Contact  and  Mesh  No.  1  in  Round-on-Fiat  Contact 

A  schematic  top  view  of  a  free  body  diagram  of  gear  and  pinion  no.  2  with  mesh 
no.  2  in  round-on-round  contact  and  mesh  no.  2  in  round-on-flat  contact  is  represented 
in  figure  D-1 6.  It  shows  the  contact  force 


F32  =  -F23  =  -F23nx2  (D-778) 

of  pinion  no.  3  and  gear  no.  2.  opposite  to  force  F23  as  given  by  equation  D-1 45a.  The 
associated  friction  force  Ff32  is  opposite  to  Ff23  of  eg.  D-1 46.  Thus, 


Ff32  =  -Ff23  =  pS2RF23nNX2  (D-779) 

Further,  the  contact  force  Fi2f  of  gear  no.  1  and  pinion  no.  2  is  shown  in  figure  D-1 6. 
This  force  is  opposte  to  F21F  of  equation  D-538.  Then 


Fi2F  =  *F21  F  =  -Fi2FnNF1  (D-780) 

The  associated  friction  force  Ffi2F  'S  opposite  in  direction  to  the  friction  force  Ff2iF  of 
equation  D-540,  i.e.. 


Ff12F  =  -Ff21F  =  pSiFFi2FnFl 


(D-781) 


21A 


and  Pinion 


i  diagram  of  gear  and  pinion  no.  2.  Mesh  no.  2  is  in  round-on-round  contact 
round-on-flat  contact 


Again,  figure  D-14b  represents  the  appropriate  free  body  diagram  of  the  pivot  shaft  of 
gear  and  pinion  no.  2. 

Force  Equations 

The  force  equation  is  again  based  on  Newton’s  law,  i.e. 


“  ^2^0j/ground 


(D-782) 


where 


£F  =  Sum  of  the  pivot  forces  as  well  as  the  various  contact  forces 
=  Mass  of  gear  and  pinion  no.  2 

Ao^ground  =  Acceleration  of  the  component  center  of  mass,  i.e.,  equation 

D-605 

The  full  force  equation  is  now  obtained  with  the  help  of  figures  D-16  and 
D-14b,  as  well  as  equations  D-778  to  D-781 


•^23^X2  ■  ilS2RF23nNX2  *  Fl2FnNFi  +  pSiFFi2FnF1 

+  Fx2ui  *  pF x2ui  F y2uj  +  pFy2ui  +  Fz2k  -  F^pt  i  +  p.Fx2ij 

-  Fy2j  -  pFy2j  *  m2  (Qx^  +  QyJ  +  Q^k)  (D-783) 

In  the  ^ve,  nx2  and  nNX2  are  given  by  equations  D-145b  and  D-147,  respectively. 
The  unit  vectors  tTnfi  and  iTfi  are  defined  by  equations  D-539  and  D-541 .  Appropriate 
substitution  and  subsequent  separation  of  components  furnishes  the  following: 

X-Comoonent  of  Force  Equations 

-F23C0SX,2  +  pS2RF23SinX,2  +  Fi2FSin  +  cxpi) 

+  PSifFi2FCOS  (fep  +  Opi)  +  Fx2u  +  pFy2u  -  Fx2L  *  pFy2L  =  m2Qx  (D-784) 
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>TiiT»T»Ti 


lent  of  Force  Equation 


-F23SinX2  -  ^IS2rF23COSX2  -  Fi2FCOS  {<j>2P  +  Opi)  +  flSiFFi2FSin  (<|>2P 


■  M’f‘x2u  Fy2u  +  ^F x2L  ■  Fy2L  =  ni2Qy  (D-785) 

Z-Component  of  Force  Equation 

This  thrust  force  is  again  expressed  in  tilded  form,  so  that 

F22  =  |m2Q2|  (D-786) 

Moment  Equations 

The  moment  equation  is  agan  expressed  in  terms  of  the  projectile-fixed 
coordinate  system  by  way  of  equation  D-618. 


The  angular  velocity  02  and  the  angular  acceleration  <t>2  must  in  this  case 
reflect  the  round-on-round  contact  of  mesh  no.  2.  when  these  quantities  are  expressed 
in  terms  of  the  escape  wheel  angular  velocity  and  acceleration. 

The  applicable  expression  for  the  moment  is  now  found  with  the  help 
of  the  free  body  diagrams  of  figures  D-16  and  D-14b.  The  remarks  concerning  the 
thrust  friction  torque  following  equation  D-618  still  holds.  Then 

Moz  =  (aG2nG2  +  PG2nx2)  X  (-F23nx2  ■  4S2RF23nNX2) 

+  gi  npi  X  (-Fi2FnNF1 )  +  PPf2Fz2k  +  (Lyk  -  P2i)  X  (Fx2  J  -  pFx2uj) 

+  (Luk  -  P20  X  (Fy2uj  +  pFy2ui)  +  (-Ltk  +  P2i)  X  (-Fx2Li  +  pFx2U) 

+  (-L\k  +  P2j)  X  (-Fy2j  -  pFy2Li)  (D-787) 

The  above  becomes  with  equations  G-47,  G-48.  G-49,  and  G-22  and  G-23  of  ref  5 

M02  =  [pLyF x2u  ■  UiF y2u  +  PU-F x2L  "  LlF y2L]  • 

+  [‘-u*"x2u  +  J 

+  [F23  |aG2  (sin(<j)2G  +  5g2  -  ^2)  -  4S2RCOs((|>2G  +  5g2  -  M  )  •  PPG2S2r) 

-  giFl2F  +  PPf2Fz2  +  PP2  {Fx2u  +  Fy2u  +  Fx2L  +  FygJ ]  ^  (D-788) 
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Substitution  of  equation  D-788  into  equation  D-618  yields  the  following  moment 
component  expressions 

X-Comoonent  of  Gear  and  Pinion  Moment  Eouation 

MUjf’ x2u  *  y2u  +  PLlF x2L  "  y2L 

=  Ix2<i)x  +  Iz2<‘>y  (<i>z  +  <l>2)  *  ly2C«V^  (D-789) 

Y-Comoonent  of  Gear  and  Pinion  Moment  Equation 

UjF x2u  +  pf-uf"  y2u  +  x2L  +  pl-L^  y2L 

=  Iy2<0y  +  Ix2<0x<0z  "  Iz2<«)x  (o^  +  <{>2)  (D-790) 

Z-Comoonent  of  Gear  and  Pinion  Moment  Equation 

^23  [®G2  (^2G  ^G2  '  ^2)  *  PSgpjCOS  ((1>2q  +  Sgg  *  ^) )  *  PPg2®2r] 

-  giFl2F  +  Ppf2Fz2  PP2  (Fx2u  +  Fy2u  +  Fx2L  +  Fya.) 

=  l22(ci)z+i|)2)  (D-791) 

Simplification  of  Force  and  Moment  Equations  and  Determination  of 
Pivot  Forces  on  Gear  and  Pinion  No.  2 

X-Comoonent  of  the  Force  Equation 

Equation  D-784  is  now  rewritten 

-Fx2u  -  pFy2u  +  Fx2L  +  pFy2L  =  A84RFFri3  +  A85RfFi2  +  Ase  (D-792) 

where 

A84RF  =  -COSX2  +  pS2RSinX2  (D-793) 

AgsRp  =  sin  (<j>2p  +  opi)  +  j^ipcos  ((fep  +  ctpi)  (D-794) 

Ase  =  -ni2Qx  (D-795) 
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Equation  0785  is  rewritten 


HFx2u  -  Fy2u  -  F)t2L  +  Fy2L  =  Aa7RFF23  +  A88RfFi2F  +  Agg 

where 

AgTRF  =  -(sinXa  +  ^.S2rcosX2) 

AesRF  *  -cos  (<j>2P  +  api)  +  ^Sipsin  (<|>2p  +  api) 

Agg  =  ‘m2Qy 

Z-Component  of  the  Force  Equation 
Remains  as  in  equation  0786. 

X-Comoonent  of  the  Moment  Equation 
Equation  0789  is  rewritten 

-|1LuFx2u  +  UFy2u  -  PU.Fx2L  +  U.Fy2L  =  Ago  +  Agi<|>2 

where 

Ago  =  -[ixa^x  +  OJytOz  (I22  '  Iy2)] 

Agi  =  -Iz2<»)y 

Y-Component  of  the  Moment  Equation 
Equation  D-790  is  rewritten 

-LuFx2u  -  pLuFy2u  -  UFx2L  -  PUFy2L  =  Ag2  +  Ag3(t)2 

where 

Ag2  =  •{ly2<0y  +  <0x0)2  (1x2  -  I22)] 

Aga  =  l220)x 

Equation  0791  for  the  Z-component  of  the  moment  remains  as  is. 


(D-796) 

(D-797) 

(D-798) 

(D-799) 


(D-800) 

(D-801) 

(D-802) 


(D-803) 

(D-804) 

(D-805) 


aimuttaneous  Solution  of  Pivot  Forces 


Equations  D-792,  D-796,  D-800,  and  D-803  are  now  solved  simultaneously  for 
the  pivot  forces.  Therefore, 


-F X2u  '  M’Py2u  +  Px2L  +  V^i2L  ®  ^21 
p.Fx2u  ■  Fy2u  ■  M’f^x2L  +  F y2L  =  B22 
-pLuFx2u  +  UjFy2u  ■  PLlFx2L  +  U.Fy2L  *  B23 

*UiF x2u  •  M-UiF y2u  ■  LlFx2L  ■  M’U.Fy2L  =  B24 


(D-806) 


where 

B21  =  A84RfF23  +  A85RfFi2F  +  Age 
B22  =  A87RfF23  +  A88RfFi2F  +  Agg 

B23  =  Ago  +  Agi<|>2 
B24  *  Ag2  +  Ag3(|>2 

Again,  as  before  the  621  do  not  reflect  the  mesh  contact  modes, 
account  for  these  variations  as  needed. 


(D-807) 

(D-808) 

(D-809) 

(D-810) 
The  A’s  and  C’s 


To  use  the  solutions  of  equation  i>67,  equation  D-806  has  to  be  changed  to  a 
form  that  has  the  same  signs  as  this  set  of  expressions.  This  may  be  accomplished  by 
substituting 


(D-811) 


(This  replaces  An  =  piSs  in  equation  D-67.)  Equation  D-806  then  becomes 
-F x2u  +  P*F y2u  +  F x2L  •  P*Fy2L  =  B21  ^ 


x2u  ■  Fy2u  +  P*F x2L  +  F y2L  *  B22 
P*LuF x2u  +  LuF y2u  +  4*Ll^“x2L  +  LLFy2L  =  B23 
-UjFx2u  +  P*LuFy2u  -  LlFx2L  +  P*UFy2L  =  B24 


> 

> 


(D-812) 
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With  this  substitution  (i.e.,  equation  D-811)  the  coefficient  determinant  of 
equation  0-812  becomes  according  to  equation  D-75 

D«[{Lu  +  Ll)(i +n2j]2  (D-813) 

According  to  equation  D-80,  the  determinant  Dfx2u  becomes  with  the 
appropriate  changes 

Dfx2u  =  (Lu  +  Ll)  (1  +  [-LlB2i  +  pLlB22  -  pB23  -  B24]  (D-81 4) 

Now  substitute  for  the  B2i’s  according  to  equations  D-807  and  D-810 

DFx2u  =  (U  +  Ll)(1  +  P^)  {-U  [A84RfF23  +  A85RfFi2F  +  Age] 

+  PLl  [A87RfF23  +  A88RfFi2F  +  Ags] 

-  P  [Aso  +  A9i<>2]  -  [a92  +  A93<^]  )  (D-81 5) 

After  collecting  of  terms,  the  tiided  force  Fx2u  becomes 

Fx2u  =  =  rrr - [^57  +  C58<|>2  +  C58RFF23  +  C60RfFi2f] 

D  Lt(1+p2)  (0-816) 

where 


C57  =  hUAae  +  P  (LlA89  -  Ago)  -  Ag2j  (0-81 7) 

C58  =  jpAgi  +  Aggj  (D-81 8) 

C59RF  =  |Ll{pA87RF- A84RF)j  (0-819) 

C60RF  =  |U(pA88RF- A85Rf)|  (0-820) 

According  to  equation  0-90,  ^Fyau  with  appropriate  changes  becomes 

■  t'BjJ  (D-821) 

Substitution  of  equations  0-807  to  0-810  gives 

DFy2u  =  (U  +  Ll)(1  +  P^)  (-pU  [A84RfF23  +  A85RfFi2F  +  A86] 


■^L  [^87RF^23  \8RF^12F  ^89] 


+  [Aqo  +  A9i<|)2  -  p  [a92  +  Aggife]  ) 


(0-822) 
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After  appropriate  collecting  of  terms,  the  tilded  force  fyzu  becomes 

Fy2u  =  — [^61  +  C62<|>2  +  C63flFF23  +  C64RfFi2f] 

D  Lt(i+p2)'  (D-823) 


where 


Cei  =|-LlA89  -  P(LlA86  +  Ag2)  +  Agof 

062=1^91  -  PA93I 

CsSRF  =  |Ll  (^lA84RF  +  AstRf)! 

C64RF  =  |Ll  (pAasRF  +  AesRp)! 


(D-824) 

(D-825) 

(D-826) 

{D-827) 


According  to  equation  0*100,  with  the  applicable  changes  becomes 


DFx2L  =  (U  +  U)(i  +  |LuB21  -  pl-uB22  -  pB23  -  B24) 
Substitute  equations  0*807  to  0*810 

Dfx2l  =  (Lu  +  U)  (1  +  P^)  { U  [A84RfF23  +  A05rfFi2f  +  Aae] 


pLu  [A87RFp23  +  A88RfFi2F  + 


(0*828) 


■  [a90  +  A91^]  *  [a92  +  A934>2. 


(0*829) 


After  collecting  of  terms,  the  tilded  force  Fx2l  becomes 

^x2L  =  =  ~77  5T  [^65  ^66^2  ^67RF^23  ^68RF^12f] 

mi+pj 


where 


Ces  =  |“P  (LoAsg  +  Ago)  +  UAse  *  A92J 

Gee  =  IpAgi  +  A93I 

CsTRF  =  (Lu  (A84RF  '  PAsTRf)! 

CesRF  =  |Lu  (AesRF  -  pAsaRF)! 


(0*830) 


(0-831) 

(0*832) 

(0*833) 

(0-834) 
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Acxx>rding  to  equation  D-109.  the  determinant  DFy2L  after  applicable 
adaptation  becomes 

Dpya. « (Lu  +  k)  (l  +  ( PkB2i  +  LuB22  +  B23  -  pB24)  (D-835) 

Substitution  of  equations  0-807  to  0-810  leads  to 

DFy2L  =  (k  +  k)  (1  +  P^)  (pk  [A84RfF23  +  A85RfFi2F  +  Age] 

+  k  [Ae7RFF23  +  Aa8RFFl2F  +  Agg] 

+  [Aqo  +  A9i4>2]  -  P  [a92  +  Agg^j  |  (0-836) 


Again,  terms  are  collected  and  an  expression  for  the  tilded  force  Fy2L  is  found. 
Therefore 


where 


Fy2L  = 


Df, 


>21. 


D  Lt(1+p2) 


[Cgg 


+  C70<|l2  +  C71RFF23  + 


C72RfFi2f] 


(0-837) 


Cgg  « IkAgg  +  p  (kAge  -  A92)  +  Ago!  (0-838) 

C70  =  |A9i-mA93|  (0-839) 

C71 RF  =  |Lu  {pAg4RF  +  AgTRF)  |  (0-840) 

C72RF  =  |Lu  (pAgsRF  +  AggRF)  I  (0-841 ) 


Determination  of  Contact  Force  F23  in  Terms  of  Contact  Force  Fi2f 
and  Gear  and  Pinion  Parameters.  Mesh  No.  2  is  in  Round-on- 
Round  Contact  and  Mesh  No.  1  in  Round-on-Fiat  Contact 


Substitution  of  equations  0-786,  0-816,  0-823,  0-830.  and  0-837  into 
the  Z-moment  equation  0-791  is  now  required.  First,  let  the  tilded  forces  be  added 


Fx2u  +  Fy2u  +  Fx2L  +  Fy2L  =  A94  +  Ag5(^  +  A96RFF23  +  A97RFF12F 


(0-842) 
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where 


A94  ^  ^S7  *  C61  Ces  C69 

Lt(i+»i2)  (D-843) 

Agg  ^  Cs8  C62  +  C66  C70 

Lt(1+h2)  (D-844) 

Aocyy  ^  ^9RF  +  C63RF  +  CsTRF  •«•  C7IRF 

Lt(i+^2)  (D-845) 

AoTOFir  ^60RF-*-C64RF-*-C68RF  +  C72RF 

Lt(i+m2)  (D-846) 

Further,  let  equation  D-786  be  expressed  as 

F22  =  A98  =  |m2Qj  (D-847) 


Equation  D-791  then  becomes 

F23(aG2(Sin(<j)2G  +  5g2  -  A.2)  -  PS2RC0S(<|)2G  +  6g2  •  ^a))  *  PPG2S2R] 

*  9l  ^12F  +  PPt2  A98  +  pp2  [A94  ±  A95^2  +  A96RF  F23  +  A97RF  Fi2f] 

=  Iz2  (Wz  +  ^2)  (D-848) 


or 


F23[aG2(Sin(<|)2G  +  8g2  *  ^2)  -  PS2RC0S(({)2G  +  8g2  -  ^2))  ■  PPG2S2R  +  PP2A96RFI 
-  Fi2F[gi  -  HP2A97RF]  +  p(Pf2A9e  +  P2A94)  ±  Pp2A95<j)2 


=  A99  +  A100  ^2 

where  again,  as  in  equation  D-682  and  D-683 


(D-849) 


A99  =  IzaWz 


(D-850) 


^100  ”  *z2 


(D-851) 
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Now  consider  again  the  signs  of  the  friction  moment  terms,  recalling  that  a 
reversal  in  the  gear  train  motion  will  cause  a  change  of  the  sign  of  in  the  program. 
The  component  rotates  normally  in  a  clockwise  direction  and  the  following  friction 
moments  must  be  positive. 

^aP^AgeRF  (D-852) 

pF,2PA7RF  (D-853) 

pIpAs  +  P2A94]  (A94  and  Agg  are  absolute  values)  (D-854) 

The  moment  represented  by  the  term  containing  4>2  must  always  act  opposite 
to  the  direction  of  rotation  of  gear  and  pinion  no.  2.  Therefore  the  term  must  have  a 
negative  sign  and  the  absolute  value  of  p  must  be  used 


-  IpI  p2  A95  <t>2  (D-855) 

Note  that  A^^  is  an  absolute  value. 

With  the  above  considerations,  equation  D-849  becomes 

^23^’®Q2^®*^^^2G  ^G2  *  ^2^  '  P®2R®®®^^2G  ^G2  *  ^2^^  *  PPg2®2R  PP2A96RFJ 

•  Fl2F[gi  *  PP2A97RF]  +  p[pf2A98  +  P2A94]  *  |p|p2A95<i>2 


=  A99  +  Aioo<fe 


(D-856) 


Finally,  the  above  is  solved  for  F^g 


F23  = 


A102RF  Fi2F  '  Aio3  +  Ai04(|)2  -F  A99  +  Aioo<|)2 


M01RF 


{D-857) 


—  af;p(sin(^2Q  +  8q2  -  X^)  -  pS2pCOs((j>pQ  +  5^^  -  X^)) 


'101 RF  “G2' 


2R' 


''2G  ’  ''G2  ''■2' 


■  P(Pg2®2R  '  P2A96RF^ 

(D-858) 

102RF  ~  9l  '  PP2A97RF 

(D-859) 

103  ~  PlPf2A98  P2A94I 

(D-860) 

104  ”  IPIP2A95 

(D-861) 
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Pinion 


body  diagram  of  gear  and  pinion  no.  2.  Mesh  no.  2  is  in  round-on-flat  contact 
s  in  rounchon-round  coglict 


Dynamics  of  Gear  and  Pinion  No.  2  with  Mesh  No.  2  in  Round>on-Fiat 
Contact  and  Mesh  No.  1  in  Round-on-Round  Contact 


A  schematic  topview  of  a  free  body  diagram  of  gear  and  pinion  no.  2  with  mesh 
no.  2  in  round*on-flat  contact  and  mesh  no.  1  in  round*on-round  contact  is  shown  in 
figure  D-1 7.  It  shows  the  contact  force 


*^32F  “  '*^23F  *^23F^  NF2 


(D-862) 


of  pinion  no.  3  on  geaj^ no.  2.  opposite  to  force  F23P,  as  given  by  equation  245a.  The 
associated  friction  force  Ff32F  <s  opposite  to  Ff23F>  given  by  equation  D-246.  Thus 


Ff32F  =  -Ff23F  =  -pS2FF23FnF2 


(D-863) 


Figure  D-1 7  further  shows  the  contact  force  F^2  'I  pinion  no.  2.  This  force 

is  opposite  in  direction  to  contact  force  F21.  which  is  given  by  equation  D-426.  Thus 

Fi2  =  -F21  =  Fi2nx.i  (D-864) 

The  associated  friction  force  Ffi2  is  opposite  in  direction  to  the  friction  force  Ff2i  of 
equation  D-428,  i.e. 

Ffi2  *  -F(2i  -  pSiRFi2nNxi  (D-865) 

Again,  figure  D-1 4b  represents  the  applicable  free  body  diagram  for  the  pivot  shaft  of 
gear  and  pinion  no.  2. 

Force  Equations 

The  force  equation  is  again  based  on  Newton’s  law,  i.e. 

XF  =  m2Ao2/ground  (D-866) 

where 

£P  =  sum  of  the  pivot  forces  as  well  as  the  various  contact  forces 
m2  =  mass  of  gear  and  pinion  no.  2 


equation  D-605 


Ao2/around  -  acceleration  of  the  component  center  of  mass,  i.e., 
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The  full  force  equation  is  now  obtained  with  the  help  of  figures  D-14a  and  D- 
14b.  as  well  as  equations  D-862  to  D-865 


*F23FnNF2  -  pS2FF23FnF2  +  FiaHxi  + 

+  F x2ui  ■  fiP x2uj  +  ^ y2uj  +  M’P y2ui  +  F 22k  -  F x2Li 


+  M-F^x2lj  ■  Fy2lj  "  pFy2Li  *  nr'2  (QxI  +  Qyj  +  Qzl^ 


(D-867) 


In  the  above.  nNF2  a^cl  nF2  are  given  by  equations  D-245b  and  D-247.  respectively. 
The  unit  vectors  n^i  and  TTi^xi  are  in  turn  defined  by  equations  D-427  and  D-429. 


Appropriate  substitution  of  the  above  unit  vectors  into  equation  D-867  and 
subsequent  separation  of  components  furnishes  the  following: 


X-C 


ent  of  Force  Equation 

Faspsin  (<j>s  -  opa)  -  psapFaspcos  (<j>s  *  opa)  +  F12COSX1 


■  PSirF laSinXi  +  F xau  +  M-F yau "  F xat  ■  M^F y2L  “  ai2Qx  (D-868) 

Y-Component  of  Fores,  equation 

-  F23PCOS  (<t>s  -  CXP2)  -  pS2pF23psin  (<|>s  -  ap2)  +  Fi2SinA.i 


+  M'SirFi2CosXi  -  pF xau  +  F yau  +  pF xaL  ■  F yat  =  maQy 


ZzQ 


lent  of  Force  Equation 


This  thrust  force  is  again  expressed  in  tilded  form,  so  that 
Fza  =  |m2Q2| 


(D-869) 


(D-870) 


Moment  Equations 

The  moment  equation  Is  again  expressed  in  terms  of  the  projectile-fixed 
corrdinate  system  by  way  of  equation  D-618. 

The  angular  velocity  <l>2  and  the  angular  acceleration  <|>a  must  in  this  case 
reflect  the  round-on-fiat  contact  of  mesh  no.  2,  when  these  quantities  are  expressed  in 
terms  of  the  escape  wheel  angular  velocity  and  acceleration. 
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The  eipplicable  expression  for  the  moment  Moj  is  now  found  with  the  help  of 
the  free  body  diagrams  of  figures  D-17  and  D-14b.  The  remarks  concerning  the  thrust 
friction  torque  following  equation  D-618  still  holds.  Then 


M02  =  (aG2nG2  +  pG2nNF2)  X  (-F23FnNF2  -  pS2FF23FnF2) 

+  (apinpi  -  ppinxi)x(Fi2nxi  +  pSiRFi2nNxi) 

+  PPl2Fz2k  +  (Uk  -  P2i)  X  {Fx2  J  -  pFx2u]) 

+  (Luk  -  P2j)  X  (Fy2  J  +  pFy2ui) 

+  (-LLk  +  P2i)  X  (-Fx2J  +  pFx2j) 

+  {-LLk  +  pj)  X  (-Fy2Lj  -  Ufy2\})  (D-871  ) 

The  above  becomes  with  the  help  of  equations  G-2,  G-3.  G-4.  and  G-47,  G-64, 
and  G-65  of  ref  5 


M02  =  [M-UjF x2u  *  LyF y2u  +  PLlF x2L  ’  LlF y2L]  i 
+  [LuF x2u  +  pLyF y2u  +  LlF x2L  +  pLtF y2L]  j 

+  [F23F  (aG2  (-COS  (<|)G2  +  8g2  -  <l>s  +  Ctp2)  +  pS2FSin  (i1>G2  -  5g2  -  4>2  +  aP2) ) 

+  pg2PS2f)  +  Fi2  {api  (-sin  (ifep  -  5pi  -  A,i)  +  psipcos  ((|>2p  *  -  ^1) ) 

-  pppiSir}  +  ppf2Fz2  +  PP2  (Fx2u  +  Fy2u  +  Fx2L  +  Fy2L)  ]  k  (D-872) 

Substitution  of  equation  D-872  into  equation  D-618  yields  the  following  moment 
components  expressions 

X-Comoonent  of  Gear  and  Pinion  Moment  Equation 

pLyF x2u  ■  UjF y2u  +  PLlF x2L  -  LlF y2L  =  Ix2<^  +  lz2<Dy  (cOz  +  (fe)  -  ly20V^  (D-873) 
Y-Comoonent  of  Gear  and  Pinion  Moment  Eouation 

LuF x2u  +  pLgF y2u  +  LlF x2L  +  pLtF y2L  =  ly20V  "*■  ^xZOJxtOz  -  Iz2®x  (cOz  +  ife)  (D-874) 
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F23F  {aG2  (-cos  (<|»2g  +  8g2  -  ^  +  aP2)  +  jASapsin  +  802  +  txpa) ) 

+  HPG2S2F}  +  Fi2  {api  (-sin  (<j>2P  -  62P  -  Xi)  +  ^isirCos  ((fep  -  5pi  -  Xi))  -  uppiSir) 


^^pf2Fz2  +  4P2  (Fx2u  +  Fy2u  +  Fx2L  +  Fyat)  =  Iz2  (©  +  <l>2) 


(D-875) 


Simplification  of  Force  and  Moment  Equations  and  Determination 
of  Pivot  Forces  on  Gear  and  Pinion  No.  2 


Equation  D-868  is  now  rewritten 

-Fx2u  -  pFy2u  +  Fx2L  +  pFy2L  =  A84PrF23F  +  A85FrFi2  +  Afle 


where 


A84FR  =  sin  (<|)s  -  opa)  -  psapcos  ((j)*  -  opa) 
AgsFR  «  cosX.1  ’  pstpSinXi 
Aae  =  -maQx 


(D-876) 


(D-877) 

(D-878) 

(D-879) 


Equation  D-869  is  rewritten 

(XFx2u  -  Fy2u  -  Px2L  +  Fy2L  =  A87FrF23F  +  A88FrFi2  +  Aag 


where 


Abtfr  =  (-cos  (<|)s  -  Opa)  +  ^isapsin  (4>s  -  apa) ) 
Assfr  =  sinXi  +  psircosXi 
Agg  =  -maOy 


{D-880) 


(D-881) 

(D-882) 

(D-883) 


Remains  as  in  equation  D-870. 
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Equation  D-873  is  rewritten 


where 


-JiLuF x2u  +  l-uF y2u  ‘  M’I-lF x2L  +  LLFy2L  =  Ago  +  A9i<j)2 


Ago  =  -  [lx2<iij)(  +  (Iz2  -  Iy2)] 
Agi  =  -Iz2<0y 


Equation  [>874  Is  rewritten 


(D-884) 

(D-885) 

(D-886) 


-LyF x2u  +  HLuFy2u  *  I-lFx2L  +  M^LLFy2L  =  Ag2  +  Ag3(|)2  (D-887) 

where 

Ag2  *  [ly20)y  +  CDx<Oz  (Ix2  -  Iz2)  ]  (D-888) 

A93  =  '22“x  (D-889) 

Equation  D-875  for  the  Z-component  of  the  moment  remains  as  is. 

Simultaneous  Solutions  of  Pivot  Forces 

Equations  D-876,  0-880,  D-884,  and  D-887  are  now  solved  simul¬ 
taneously  for  the  pivot  forces.  Therefore 

-F x2u  *  pF y2u  +  Fx2L  +  pFy2L  =  B21 
pFx2u  ■  Fy2u  •  pFx2L  +  Fy2L  =  B22 

(D-890) 

-pLuF x2u  +  l-uF y2u  "  PLlFx2L  +  l-LFy2L  =  B23 
■l-uF x2u  *  pl-uF y2u  *  U.Fx2L  *  pLLFy2L  =  B24 
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where 


B21  -  A84FrF23F  +  A85FrPi2  +  Ase 

(D-891) 

B22  =  A87FrF23F  +  A88FrFi2  +  Aeg 

(D-892) 

023  =  A<io  +  A9i()>2 

(D-893) 

B24  =  A92  +  A93<(>2 

(D-894) 

Again,  as  before  the  621  do  not  reflect  the  mesh  contact  modes.  The  A’s  and  C’s 
account  for  these  variations  as  needed. 

To  use  the  solutions  of  equation  D-67,  equation  D-890  has  to  be  changed  to  a 
form  that  has  the  same  signs  as  this  set  of  expressions.  This  may  be  accomplished  by 
substituting 

=  -ii  (D-895) 

(This  replaces  An  =  piSs  in  equation  D-67.)  Equation  D-890  then  becomes 

'^x2u  *  ^x2L  ’  ^  ^y2L  =  ^ 

-p*Fx2u  -  Fy2u  +  |i*Fx2L  +  Fy2L  =  B22 

r  (D-896) 

p,*LuF x2u  +  LuP y2u  +  M’*I-lF  x2L  +  l-L^  y2L  —  B23 

-LuF x2u  +  y2u  "  x2L  +  |jI*LlF y2L  =  B24  ^ 

With  the  above  substitution  (i.e.,  equation  D-895)  the  coefficient  determinant  of 
equation  D-896  becomes  according  to  equation  D-75 

D  =  [(L„  +  LJ(i+h^)]2  (D-897) 

According  to  equation  D-80,  the  determinant  Dfx2u  now  becomes  with  the 
appropriate  changes 

Dptfu  =  (U  +  Ll)(1  +  p2j[-LLB2i  +  pLlB22  “  |iB23  -  B24]  (D-898) 
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Now  substitute  for  the  B2i‘s  according  to  equation  D-891  to  D-894 

DFx2u  *  (Lu  +  U.)(1  +  {*Ll[A84FrF23F  +  Aa5FRFi2  +  Ase] 

+  flU  [AsTFRFaSF  +  A88FrFi2  +  Aeg] 

•  [Aqo  +  A9i<|>2]  -  [Ag2  +  A93(|)2] )  (D-899) 

After  collecting  of  terms,  the  tilded  force  Fx2u  becomes 


Fx2u  =  5^  = 


; — 7-^ - [^S7  +  C58<i>2  +  C5gFRF23F  +  C6OFRF12] 

Lt(1+^2)  (D-900) 


where 


C57  =  |-LlA86  +  (UAgg  -  Ago)  -  A92I  (D-901 ) 

C58  =  IliAgi  +  A93I  (D-902) 

C59FR  *  Ik  (fiAflTFR  -  A84Fr)|  (D'903) 

CeoFR  «  Ik  (mAssfr  -  Assfr)!  (D-904) 

According  to  equation  D-90,  DFy2u  vwth  appropriate  changes  becomes 

DFy2u  =  (k  +  LJ(1  +  [-pkBai  *  kB22  +  B23  -  PB24]  (D-905) 

Substitution  of  equations  D-891  to  D-894  gives 


DFy2u  =  (k  +  k)(l  +  P^)  {-pk  [A84FrF23F  +  A85FrFi2  +  Age] 


-  k  [A87FrF23F  +  A88FrFi2  +  Agg] 

+  [Aoo  +  Agi<|>2]  -  p  [Ag2  +  Agglfe])  (D-906) 

After  appropriate  collecting  of  terms,  the  tilded  force  Fy2u  becomes 


Ppy2u  _  1 

D  Lt(i  +p2) 


[Csi  +  C62<|»2  <■  C63FRF23F  C64FRF12] 


(D-907) 
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where 


Cei  =  |-kA89  ■  ^  (UAae  +  Ag2)  -  A90I  (D-908) 

C62  =  IA91  -  HA93I  (D-909) 

C63FR  =  lU.  (mA84FR  +  Astfr)!  (D-91  0) 

C64FR  =  lU.  (hAssFR  +  AssFR)!  (D-91  1 ) 

According  to  equation  D-100,  with  the  applicable  changes  becomes 

^Fx2L  “  +  Ll)(1  +  M-^)  [LuB21  -  M.LuB22  “  M-B23  -  B24]  (D-91 2) 

Substitute  equations  D-891  to  0-894 

^Fx2L  =  (k  +  U.)  (l  +  Ik  [A84FrF23F  +  A85FrFi2  +  Aae] 

-  pLu  (A87FrF23F  +  A88FrFi2  +  Aes] 

*  |A  [Aso  +  Agiife]  -  [a92  +  A93<j>2])  (D-91 3) 

After  collecting  of  terms,  the  tilded  force  Fx2l  becomes 


Fx2L  =  —7^  =  7—77 - [^65  +  C66<|>2  +  C67FrF23F  +  C68FRF12] 

D  Lt(1+h2)  (D-91 4) 

where 


Ces  =  I'M-  (kAag  +  Ago)  +  kAge  *  Ag2|  (D-91 5) 

Cee  =  ImAqi  +  Agg]  (D-91 6) 

C67FR  =  Ik  (A84FR  -  PAstFR)!  (D-91 7) 

^68FR=I*-u(^85FR'^^88Fr)I  (D-91 8) 


According  to  equation  D-109,  the  determinant  DFy2L  after  applicabe  adapta¬ 
tion  becomes 


DFy2L  ”  Ik  +  k)(l  +  [pkB2l  *  kB22  +  B23  -  PB24] 


(D-91 9) 
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Substitution  of  equations  D-891  to  D-894  leads  to 


DFy2L  =  (U  +  U)(1  +  {fiU  [A84FrF23F  +  A85FrFi2  +  Aae] 
+  Lu  [A87FrF23F  +  A88FrFi2  +  Aeg] 


+  [a90  +  Aqi^]  -  4  [a92  +  A93<{>2]) 


(D-920) 


Again,  terms  are  collected  and  an  expression  for  the  tilded  force  Fy2L  is  found. 
Therefore 


where 


1 


[Ceg  +  C7o<j>2  +  C71FRF23F  +  C72FRF12] 


(D-921) 


^69  *  ILyAgg  +  p  (LuAgg  -  Ag2)  +  Ago|  (D’922) 

C70  =  |Agi  -  pAgal  (D-923) 

C71 FR  =  lU  (pA84FR  +  AstFR)!  (D‘924) 

C72FR  =  |Lu  (pAssFR  +  Assfr)!  (D-925) 


Determination  of  Contact  Force  F23F  in  Terms  of  Contact  Force  Fig 
and  Gear  and  Pinion  Parameters.  Mesh  No.  2  is  in  Round-on-Fiat 
Contact  and  Mesh  No.  1  in  Round-on-Round  Contact 

Subsitution  of  equations  D-870,  D-900.  D-907,  D-914,  and  D-921  into  the 
Z-moment  equation  D-875  is  now  required.  First,  let  the  tilded  forces  be  added 


Fx2u  +  Fy2u  +  Fx2L  +  Fy2L  =  Ag4  +  Ag5<|)  +  Ag6FRF23F  +  AgTFRpig  (D-926) 
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where 


Aq.  =  ^57  C61  Ces  -*■  C69 

Lt(i  +ji2) 

Anr  ^  Cse  C62  C66  C70 
Lt(w^=>) 

A _ -  *  ^63FR  *  ^67FR  *  ^711^1 

Lt(i 

A  -  ‘^eOFR  *  ^6<FR  *  *^6aFR  *  ^TTFR 
97FR  7 ^ 

Lt(i+4^) 


(D-927) 

(D-928) 

(D-929) 

(D-930) 


Further,  let  equation  D-870  be  expressed  as 

F22  =  A98  =  |m2Q2|  (D-931) 

Equation  D-875  then  becomes 

F23F  (aG2  (-COs(<|)2G  +  8g2  -  <t>s  +  Opa)  +  pS2FSin(<|)2G  +  8g2  *  *  “P2) ) 

+  PS2FPG2}  +  Fi2  (api  (-sii^<|>2p  •  5pi  -  Xi)  +  jiSiRCOs(<j>2P  -  6pi  *  Xi) )  -  psiRppi ) 

+  ^Pf2A98  +  Hp2  [a94  ±  A95<j)2  +  A96FRF23F  +  A97FRF12]  =122(0)  +  <1)2)  (D-932) 

or 

F23F  {aG2  (-COs(<j)2G  +  5g2  ’  <l>s  +  aP2)  +  pS2FSin(<|>2G  +  8g2  -  <l>s  +  Otpg) ) 

+  PS2FPG2  +  |ip2A96FRl  +  F12  (api  (-Sir^({>2P  -  5pi  -  X,i)  +  pSiRCOs(<|>2P  -  6pi  -  Xi)  ) 

”  PSIRPPI  +  PP2A97FR}  +  p  (pf2A98  +  P2A94)  ±  PP2A95<I>2  =  A99  +  Aioo(|>2  (D-933) 
where  again,  as  in  equations  D-682  and  D-683 


A99=  Iz20)z 
A100  =  •z2 


(D-934) 

(D-935) 
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Now  consider  again  the  signs  of  the  friction  moment  terms,  recalling  that  a 
reversal  in  the  gear  train  motion  will  cause  a  change  of  the  sign  of  ^  in  the  program. 
The  component  rotates  normally  in  a  clockwise  direction,  and  the  following  friction 
moments  must  be  positive 


PF23P2A96FR 

F12P2A97FR 

[pfaAge  P2A94]  (A94  and  Agg  are  absolute  values) 


(D-936) 

(D-937) 

(D-938) 


The  moment  represented  by  the  term  containing  <t>2  must  always  act  opposite 
to  the  direction  of  rotation  of  gear  and  pinion  no.  2.  Therefore,  the  term  must  have  a 
negative  sign  and  the  absolute  value  of  p  must  be  used 


-|pIP2A95<|)2 


(D-939) 


Note  that  A95  is  an  absolute  value. 

With  the  above  considerations,  equation  D-933  becomes 

F23F  {aG2  (-COs(<|»2G  +  5g2  -  <1%  +  CXP2)  +  PS2FSin(<|)2G  +  5g2  -  ^  +  ap2) ) 
+  P  (S2FPG2  +  P2A95FR) }  +  Fi2  {api  (-sin(^  -  82P  -  ^1) 

+  pSiRCOs{<|>2P  -  8pi  -  X,i)  -  P  (SiRppi  -  P2A97FR)  ) ) 


+  P  [Pf2A98  +  P2A94]  - 1  P I  P2A95(j)2  =  A99  +  Aioo<l)2 


Finally,  the  above  is  solved  for  F23F 


(D-940) 


^23F“ 


’  ^103  A•l(V4<^o  +  A-n  +  A.„<j>5 


'IOIFR 


(D-941) 
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where 


Aioifr  =  aGa(-cos(4>2G  +  -  4>s  +  «P2)  ^iS2pSin((t>2Q  +  -  <D,  +  tXp^)) 


+  ^1(S2pPq2  +  P2A96FR) 

(0-942) 

Ai02Fn  =  ap,(sin((t>2p  -  8p,  -  X,)  -  ps,pCos(02p  -  8pi  -  ^1)) 

+  P(SipPpi  -  P2^97Fr) 

(D-943) 

^103  ~  P^Pf2^98  P2^94^ 

(D-944) 

^104  ~  IPlP2^95 

(D-945) 

DYNAMICS  OF  COMBINED  SYSTEM  IN  COUPLED  MOTION  WITH 
MESHES  1  AND  2  IN  ROUND-ON-ROUND  CONTACT  (RR) 

(Applicable  to  both  configurations  and  entrance  and  exit  conditions) 

To  develop  a  single  differential  equation  for  the  total  system  in  coupled  motion  and 
RR  contact,  equation  D-537  for  F,2  is  first  substituted  into  equation  D-689  for 

•^23Ai01RR=  +A8l(i)l  +A80  +A60  +  A82  0? 

•  OyCOSY)] 


*  Aio3  +Aio4<1)2  +  A99  +  Aioo<|>2  (D-946a) 

Equations  F-117  and  F'122  of  appendix  F  are  now  used  to  substitute  for  <^2  and  ^2 
respectively.  Similarly,  equations  F-151  and  F-152  serve  for  <^i  and  0i.  Thus 

+  A8i<j>(DER1R)(DER2R)  +  Aeo  +  Aeo  +  A82<>^(DER1  R)2(DER2R)2 
-  mi  rci  (Ox  siny  -  OyCosy)  J 

*  Aio3  +  Aio4  4iDER2R  +  A99  +  Aioo[<|>Y5  +  <|>^Y6j  |  (D-946b) 
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The  above  expression  for  is  now  substituted  into  equation  D-372,  the  combined 
escapement  coupled  motion  equation  with  mesh  no.  2  in  round-on-round  contact 


( Ast  IpR  U  -  A29  Izs  J  0  +  IA51  (A32  4-  IpR  V)  -  A29  A48I  0^  +  A51  A3}  U0 

=  A29A50  -  ^51(^9  +  Ago)  +  A5,mpr^(K^sinp  -  K^cosP) 

*«^|Y,Ys  ^Ya(DER2R)=)) 

+  A8i0(DER1R)(DER2R)  +A8o  +A6o  +  A82  0^(DER1R)2(DER2R)2 
-  mi  rci  (OxSiny-  OyCOSY)  J  -  A103  +  Aio4  0DER2R 

+  A99  +A1OOI0V5  +0^Y6l|  (D-947) 

Collecting  of  terms  leads  to 

if  A  I  II  A  I  A100A29A49RV5  A29A49RAi02nRYi  Y5I1R  I 

U  ■  A»  - - A,o,rrA„r - J 

+  (AsjU^  +  IprV)  -A29A4fl  '  ^Ai^rrA^*^^*^^^^'^^  +Yz(DER2R)^] 

-  AiiA«eATORRAH(DER1R)2(DER2R)^  -  1 

A1OIRRA79R  AioiRR  j 

+  d” A51 A31  U  -  ^»^^9RAio2Rr/^.i  (DER2R)  -  DER2r1 

^  A101RRA79R  A101RR  J 

=  ^29^50  -  +  Ago)  +  Ag,mpr^p(K^sinp  -  K  cosP) 

1  Aeo  +  Aeo  -  m,  re  (Ox  siny  -  Oy  cosy)]  -  Aios  +  Aggj  (D-948) 
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Finally,  the  above  may  be  rewritten  as"* 


Aio5^  +  Ai06<i)^  +  Aio7  0  =  Ai08  +  Aio9  (Ox  siny  -  Oy  cosy) 

+  A^ ,0  (K^sinP  -  KyCOsP)  (D-949) 


where 


Aio5  =  A51  IpR  U  -  A29  Izs 


A29  A49rAi00w 

- X -  '5 

AioiRR 


A29  A49R  A^o2RR 
A79R  AioiRR 


IirYiYs 


(D-950) 


A, 06  =  As,  (A3,U^  -6  lp„V)  -  A«A«  - 

A79RA1OIRR 


X  (YiYe  +  Y2(DER2R)2]  -  ^29  A49R^2  Aio2Rr  p^2  (DER2R)2 

A79RA101RR 


A29  A49R  A100  V, 

~Ar--'  Ye 


MOARR 


{D-951) 


Aio7  =  A51 A31  U  -  (DER1 R)  (DER2R) 


A29A49R  Ai04 


'101RR 


DER2R 


(D-952) 


A108  =  A29  A50  -  A51  (Ag  +  A30) 


***”!  -Am  +  Asoj 

(D-953) 

A  A29A49RA102RR  ^  , 

■  "Ator'XToTrr 

(D-954) 

*„0  =  *5,"’p% 

(D-955) 

'‘The  value  of  the  signum  function  s^,  together  with  or  decides  whether  entrance 
or  exit-coupled  motion  is  described  by  the  differential  equation  D-949. 
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Contact  Forces 


The  contact  force  Fggpp  is  given  by  equation  D-946b  [note  new  subscript  for 
computational  purposes] 


Fssrr  = 


Am  (j)  +  Ati20^  -f  Ah30  +  Aii4 


M01RR 


where 


Am  =^i^liRYiY5  +A,ooY5 
A79R 

A, 12  =  ^i^[liR(YiY6  +  Y2(DER2R)2) 

+  A82(DER1  R)2(DER2R)2]  +  AiooYe 


(D-956) 


(D-957) 


(D-958) 


Alia  =  ^^A8i(DER1R)(DER2R)  +  A,o4(DER2R)  (D-959) 

^79R 

Aii4  =  -A— -[Abo  +  Aeo  -  mi  rd (O* siny-  Oycosy)]  -  A103  +  Agg  (D-960) 

“79R 


The  contact  force  is  found  with  the  help  of  equations  D-537,  F-142,  and 
F-143 

F,2nR  =  +i'"(Y,Y6  +  Yz  (DERaR)^)] 

+  A8iiii(DER1R)(OER2R)  +  AKii2((DER1R)2(DER2R)® 


+  Abo  +  Abo  *  mi  rd 


(Ox  siny  -  Oy  cosy) 


(D-961) 


or 


Fi2RR  = 


Aii5<|>  +  Aii6<|)^  +  Aii7<{)  •¥■  Ana 


'79R 


(D-962) 


241 


where 


Aii5  =  IirYiY5  (D-963) 

Aii6  =  Hr  (YiY6  +  Y2(DER2R)2  +  A82(DER1  R)2(DER2R)2  (D-964) 

Aii7  =  A8i(DER1  R)  (DER2R)  (D-965) 

Ai  18  *  Aso  +  Aeo  -  mi  fci  (OxSirry  -  Oycosy)  (D-966) 


The  contact  force  Pn.  between  the  verge  and  the  escape  wheel,  may 
either  be  obtained  in  terms  of  the  pallet  variable  y  or  the  escape  wheel  variable  0. 

According  to  equation  D-137  or  equation  D-339.  one  obtains  in  terms  of 
y(t).  using  the  appropriate  value  of  A29  (eq  D-400) 

p  _  IpRV  +  Aaiy  +  A32^  +  Aug  -  mptcp  (KxSinp  -  KyCOSp) 

A29  (D-967) 


where 


Ai19  =  A9  + A30 


(D-968) 


[see  ref  2  for  y  and  y  in  terms  of  0  and  0] 

When  the  appropriate  value  for  A51  =  A51R  =  AA51R  (eq  D-371b)  is 
subsituted  into  equation  D-239  or  D-364,  together  with  F23  =  F23RR.  according  to 

equation  D-956,  one  obtains  Pn  in  terms  of  0(t) 

.2 

p  -  ^48^  ^23RR^49R  ^50 

"  (D-969) 

NOTE:  It  must  be  kept  in  mind  that  the  0  and  0  terms  for  all  the  above  contact  forces 
must  be  those  associated  with  the  differential  equation  D-949. 
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DYNAMICS  OF  COMBINED  SYSTEM  IN  COUPLED  MOTION  WITH 
MESHES  NO.  1  AND  NO.  2  IN  ROUND-ON-FLAT  CONTACT  (FF) 

Combined  Differential  Equation 


To  obtain  a  single  differential  equation  for  the  total  system  in  coupled  motion  and 
FF  contact,  equation  D-593  for  F^^p  is  first  substituted  into  equation  D-773  for  Fggp 


F23fAi01FF  =  ^r^rilR^I  +A8i4‘1  +A8201  +  Aao 
^79F  L 


+  Aeo  -  mi  rci  (Ox  siny  -  Oy  cosy)  ] 


-  Aio3  +  Aio4  02  +  Agg  +  Aioo0 


(D-970) 


Equations  F-126  and  F-131  of  appendix  F  are  now  substituted  for  ^2  and  02, 
respectively.  Similarly,  equations  F-150  and  F-151  serve  for  0i  and  0i,  in  turn.  Then 

‘  +<>“IY3Y.  +  Y,(DER2F)2J] 

+  Aei  0(DER1  F)  (DER2F)  +  (DER1  F)2  (DER2F)2 

+  Ago  +  Aeo  -  mi  rci  (Ox  siny-  Oycosy)  ] 

-  Aio3  +  Aio4  0DER2F  +  Agg  +  Aiool^Yr  +  0  Ygjl  (D-971 ) 
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The  above  expression  for  F^gp  is  now  substituted  into  equation  D-403,  the  com¬ 
bined  escapement  coupled  motion  equation,  with  mesh  no.  2  in  round-on-flat  contact 


(  A51  IpR  U  -  A29  Izs]  0  +  [A51  (A32  +  IpR  V)  -  A29  A48]  0^  +  Asi  A31  U0 

=  *29*50  -  *5l(^  +  *30)  *  *5l"’p'’co('<.S'"P  ' 

+  +<j)2(Y3Y8  +  Y4(DER2Ffl| 

+  Ae,ii)(DER1F)(DER2F)  +  Ae2it'^(DER1F)2(DER2F)2  +  A«>  +  A«o 


mifc,  (OiiSinY-  Oycosy)]-  Aio3  +  Aim$DER2F 


+  A99  +A1OOI0Y7  +0^Ya| 


(D-972) 


Now,  the  coefficients  of  (ike  terms  are  collected 

AiooA29A49Fx/_  A29A49FA102FF1 


0 


Asi  IprU  -  A29I 


zs 


A,o,fp  -  •  A,„,fpA,9f 


4*51  (*3sU*  +  IprV)  -  AjsAw  -  *«*2»*4^1«FF  (dER1  Ff  (DERZF)^ 
L  A101FFA79F 

A100  A29  A49F  \/  A29  A49F  A102FF  I1R  f \/  \/  ,  \/  /'r\cDOC\2l  I 

■  Aioif“f .  *  AioiffA79f  +  Y4(DER2F)  ]  J 


^Asi  A31  U  - 


Aai  A29  A49F  A102FF ^i-\coon\  A104  A29  A49F  r\cpoc~| 


(DER1 F)  (DER2F)  -  ^ 

A101FFA79F  A 


DER2F 

101FF  J 


A29  A49F 


=  A29A50  -  ^5i(\  +  Ago)  +  A5,  mpr^{K^sinp  -  K  cosP)  + 

1 I  Aao  +  Afio  -  mi  rd  (O*  slny  -  Oy  cosy)]  -  A103  +  A99I 


(D-973) 
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The  above  may  now  be  rewritten  as^ 


Ai20<|>  +  Ai21  +Ai22<I> 

=  ^123  +  A,24(0,sin7  -  OyCOSY)  +  A,25(K,sin(i  -  K^cosp)  (D-974) 


where 


Ai20  =  A51  IprLI  -  A29  Izs  - 


A100A29  A49F^ 

A,o,ff 


A29  A49F  A102FF 
AioiffA/qf 


linYgYy 


(D-975) 


^121  ”  ^5l(^32^  ■  ^29^48 

^101FF^79F  ^101FF 

-  A29A49FAiQgFF  |^r  [Y3Y8  +  Y4  (DER2F) 

A101FFA79F 


(D-976) 


Ai22  =  A5iA3iU-  (DER1F)(DER2F) 

A101FFA79F 


.  A104A29A49F  □ER2F 
Aioiff 

Ai23  =  A29A50  •  A5i(A9  +  A30) 


(D-977) 


+  +  Ago)  -  Aio3  +  A99} 

A101FF  A79F  I 


A,3.^-A29A49fAio2FF 

A10IFFA79F 


miFci 


Ai25  =  Asimprcp 


(D-978) 

(D-979) 

(D-980) 


®As  in  equation  D-949,  the  signum  function  s^,  as  well  as  the  appropriate  choice  of  the 
angle  a,  determine  whether  entrance  or  exit  coupled  motion  is  described. 
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Contact  Forces 


The  contact  force  is  given  by  equation  D-971  (note  new  subscript) 


F23FF  = 


Ai26<|)  +  Ai27<|>^  +  Ai28<|)  +  Ai29 
Aioiff 


where 

A  Aio2FfIir YaV?  .  »  w 
Ai26  =  -  -  +A100Y7 

Ai27  =  ^'{'iRlYsYe  +Y4(DER2F)2l 

+  A82(DER1F)2(DER2F)2]  +  AiooYb 

A, 28  =  ^nr^(DER1F)(DER2F)  +  A,o4DER2F 

A79F 


(D-981) 

(D-982) 

{D-983) 

(D-984) 


Ai29  =  ' I  Aeo  +  Aeo  -  mifci  (OxSiny-  Oy  cosy)! 


A102FF 


'79F 


^103  ^99 


(D-985) 


The  contact  force  F^^ff  tound  with  the  help  of  equations  D-593,  F-150,  and 

F’151 


F,2ff  =  I,Rl4i{Y3Y7)  +(i)2(Y3Y8  +  Y4(DER2F)2)] 

+  Aei  <t.(DER1  F)  (DER2F)  +  A82<i)2(DERl  F)2(DER2F)2 
+  Aeo  +  Aeo  -  mi  r^  (OxSiny-  OyCosy)  il  (D-986) 


or 


P,2FF  ~  Ai30(() -F  Ai3i  +  Ai32<|)  +  A133 

A79F 


(D-987) 
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where 


^130  “ 

A, 31  =  'irIVs  Y,(DER2Ff]  +  A32(DER1F)^DER2F)' 

A,32  =  A3^(DER1F)(DER2F) 

^133  =  ^80  +  Ago  -  m,r^,(0^sinY-  O^cosy) 

The  contact  force  Pn.  between  the  verge  and  the  escape  wheel,  may  again  be 
found  in  terms  of  \|r(t)  with  the  help  of  equation  D-967.  If  it  is  desired  to  obtain  Pn  in 

terms  of  4>(t),  as  applicable  to  the  FF  contact  mode,  equation  D-981  for  F23FF  is 
substituted  into  equation  D-322  or  D-395.  keeping  in  mind  that  the  term  A51  =  A51F  == 
AAsif  must  contain  the  appropriate  values  S7.  Then 


(D-988) 

(D-989) 

(D-990) 

(D-991) 


D  _  Izs  0  +  A48  <j)^  +  F23RR  A49n  +  As 
r  n  *  - - - K - 


(D-992) 


For  the  contact  forces  F^g^p,  F^2ff  (above),  the  values  of  i  and  ^  must  be 

those  associated  with  the  differential  equation  D-974,  which  deals  with  the  FF  contact 
mode. 


DYNAMICS  OF  COMBINED  SYSTEM  IN  COUPLED  MOTION  WITH 
MESH  NO.  2  IN  ROUND-ON-ROUND  CONTACT  AND  MESH  N0.1 
IN  ROUND-ON-FLAT  CONTACT  (RF) 

Combined  Differential  Equations 

To  obtain  a  single  differential  equation  for  the  total  system  in  coupled  motion  and 
RF  contact,  equation  D-593  for  F^^f 's  substituted  into  equation  D-857  for  F^g 

^23^101  RF  ~  A79F  Abi  <1>1  +  +  Ae2<|)i  ^0  +  Aso 

■  f^/c/Ox^'^V-OyCOSY)] 

*  Aio3  +Aio4<1)2  +  A99  +Aioo<I>2  (D-993) 
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Equations  F-108  and  F-1 13  of  appendix  F  are  now  substituted  for  ^  and  <t>2.  respec¬ 
tively.  Similarly,  equations  F-1 46  and  F-1 47  serve  for  <>1  and  <j>i. 

.  y,(der2R)=)1 

+  Abi  <t>(DER2R)(DER1F)  +  A82<^^(DER2R)2(DER1F)2 
Abo  +  Aeo  -  mi  fci  (OxSiny-  Oycosy)] 

-  Aio3  +  Aio4  (i>DER2R  +  A99  +  A100 10Y5  +  (i)^  Ye) }  (D-994) 


The  above  expression  for  F^^  is  now  substituted  into  equation  D-372,  the  combined 
escapement  coupled  motion  equation  with  mesh  no.  2  in  round-on-round  contact 

I A51  IpR  U  -  A29  Izs)  0  +  [ A51  (A32  +  IpR  V)  -  A29  A48J  +  As)  A31  U0 

=  -  A„(^  A3„)  ,■  A3,mpr^(K,sinp  ■  K^cosP) 

+  ^^-'^"{^^[iirI^YsYs  +,j|2(Y3Y6  +  Y4(DER2R)®)| 

+  Abi  <i)(DER2R)  (DERI  F)  +  Ab2^2(deR2R)2(DER1F)2  +  Abo  +  Abo 
-  mi  rci  (OxSiny  -  Oycosy)  J  -  A103  +  Aio4  0DER2R 


+  A99  +Aioo1<|>Y5  +<t)^Y6] 


(D-995) 
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Now  the  coefficients  of  like  terms  are  collected 


^As.IprU- Aj,l„  ■  A^A,,rA,o;hf  A^A^g^  1 

[_  A79FA1OIRF  A1OIRF  J 

+  <i)^[A5l(A32U2  +  IprV)  -A29A48  -  +  Y4(DER2R)2) 

-  ^29  A49R  A82  A102RF  (DER2R)2(DER1  F)^  -  A29^9rAiooy  1 
^101RF^79F  AioiRF  J 

+  <ir Asi  A31  U  -  ^^°2RF  (Der2R)(DER1F)  -  A29^9nAio4  der2r1 

|_  A79FA101RF  Aioirf  j 

“  ^29^50  '  ^51  ^^9  ^30^ 

^  A101RF  I  A79F  ^  (OxSiny-  Oycosy))  -  A103  +  Aggj  (D-996) 

The  above  is  now  rewritten  as® 


Ai34 (j)  +  A135 (j)^  +  Ai36 (j)  =  A^37  +  A138 (Ox  siny  -  Oy  cosy) 


+  A, 33  (K^sinp  -  KyCOSp) 


(D-997) 


where 


Ai34  =  A51  IpR  U  -  A29  Izs  - 


A29A49RA102RF 

A79FA101RF 


I1R  Y3  Ys 


A29  A49R  A100 
Aioirf 


Ys 


(D-998) 


Ai35  =  A51  (A32U^  +  IprV)  -  A29A48 


A29  A49  Aio2RF 
A79F  Aioirf 


Iir(Y3Y6  +Y4(DER2R)2) 


.  A29^49R^82^102^  (DER2F)^  (DER1 F)^  -  ^29^49R^100y^  (D-999) 

^79F^101RF  ^101 RF 

®Again,  the  proper  sign  s^  and  the  appropriate  angle  a,  depending  on  entrance  or  exit 
coupled  motion,  must  be  chosen. 
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Ai36  =  As,  Aai  U  ■  —  (DER2R)  (DERI  F) 

■  DER2R 

Aioirf 


(D-1000) 


Ai37  =  A29A50  -  A51  (A9  +  A30) 


(0-1001) 

A  A29A49RAt02RF  _  _ 

(D-1002) 

*,39  = 

(D-1003) 

Contact  Forces 

The  contact  force  is  given  by  equation  D-994  [note  new  subscript] 


c  Ai40  ^  +  Ai41  +  Ai42  <j)  +  A143 

F23RF - ^5- 


ViOIRF 


(D-1004) 


where 


A  AloaRFilRYsYs  ^  ^ 

^140  =  - -  +^100»5 

Ai41  =^^[|ir1Y3Y6  +Y4(DER2R)2] 

+  A62(DER2R)2(DER1F)2]  +  AlooYe 

Ai42  =  (DER2R)  (DER1 F)  +  Aio4(DER2R) 


(D-1005) 


Aio2RF 


Ai43  =  [Abo  +  Aeo  -  mirci(OxSinY-  Oycosy)]  -  A103  +  A99 


(D-1006) 

(D-1007) 

(D-1008) 
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The  contact  force  =  ^i2f>  '•®  -  equation  D-593,  is  now  expressed  in  terms  of 

the  angular  velocity  <i)  and  the  angular  acceleration  i,  which  corresond  to  the  RF  contact 
mode,  according  to  equations  F-146  and  F-147,  respectively 

F,2„f  =;^||,r[$(Y3Y5)  ti^YsYs  tYFCOERaRO] 

+  Aei  <i)(DER1  F)  (DER2R)  +  A82<>^((DER1  F)^  (DER2R)2 
+  Aso  +  Aeo  -  mi  rci  (Ox  siny  -  Oy  cosy)  |  (D-1 009) 


For  the  contact  forces  F^g^^p,  F^g^p,  and  the  above  P^,  the  values  of  ^  and  <j)  must 

be  those  associated  with  the  differential  equation  D-997,  which  deals  with  the  RF 
contact  mode. 
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DYNAMICS  OF  COMBINED  SYSTEM  IN  COUPLED  MOTION  WITH 
MESH  NO.  2  IN  ROUND-ON-FLAT  CONTACT  AND  MESH  NO.  1 
IN  ROUND-ON-ROUND  CONTACT  (FR) 

Combined  Differential  Equations 

To  obtain  a  single  differential  equation  for  the  total  system  in  coupled  motion  and 
FR  contact,  equation  D-537  for  's  first  substituted  into  equation  D-941  for 

^23F^ioiFR  “  +  Aei  ^1  +  A82<^i  +  Aeo  +  Aeo 

-  m^r^^lO^siny-  OyCosy)] 

*  Aio3  +Aio4<1>2  +  Agg  +  Ai00<l>2  (D-1016) 

Equations  F-126  and  F-131  of  appendix  F  are  now  substituted  for  <>2  arid  ijig,  respec¬ 
tively.  Similarly,  equations  F-154  and  F-155  serve  for  and  in  turn. 

+  Aei<i>(DER1R)(DER2F)  +  A82<^2(DER1R)2(DER2F)2 
+  Aao  +  Aeo  -  mi  rci  (OxSiny  -  OyCosy)  ] 


^103  +  Aio4  0DER2F  +  A9g +AiooI^Y7 +(i>2Y8j}  (D-1017) 

The  above  expression  for  F^gp  is  now  substituted  into  equation  D-403,  the  combined 
escapement  coupled  motion  equation,  with  mesh  no.  2  in  round-on-flat  contact 

1 A51  IpR  U  -  A29  Izs  I  <t>  +  I A51  (A32  +  IpR  V)  -  A29  A48]  <|>^  +  A51  A31  U<() 

+  +$MY,Yb  +  Y2(DER2F)=)J 

+  A8i<i)(DER1R)(DER2F)  +  A82<i)^DER1R)2(DER2F)2  +  A80  +  Aeo 
-  mi  rci  (OxSiny-  Oycosy)!  -  A103  +  Aio4  0DER2F 


+  Agg  +A1OOI0Y7  +0^Y8l 
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(D-1018) 


Again,  the  coefficients  of  like  terms  are  collected 


»  ,  11  A  1  A29A49FA102FR,  w  V,  A29A49FA1OOW 

A51  IpR  U  -  A29  Izs - s - 5 - MR  Y 1  Y; - j - Y 7 

A101FRA79R  A - 


M01FR 


] 


+  <i)2rA5i(A32U2  +IprV)  -A29A48  +Y2(DER2F)2l 

|_  Aioifr  A79F  L 


A82  (DER1  R)2  (DER2F)2]  +  Aioo  Ye 


+  A31  U  -  Aei  (DER1  R)(DER2F)  +  Aio4DER2f|] 

=  A29A50  -  A5,(Ag  +  A30)  +  A5,mpr^(K^sinp  -  K^cosP) 

+  Ap^  I  ^02^  I  Aeo  +  Aeo  -  nfii  Fd  (Ox  siny  -  Oy  cosy)  j  -  A,o3  +  A99I  (D-1 01 9) 

^lOIFR  I  ^79R  J 


The  above  is  now  rewritten  as 


Ai48^  +  Ai49<|)^  +  Ai5o<t)  =  Ai5i  +  Ai52 (Ox siny  *  Oy cosy) 

+  A^53  (K^sinp  -  KyCOsP)  (D-1 020) 


where 


Ai48  -  A51  IpR  U  -  A29  Us  * 


^As  before,  entrance  or  exit  contact  depends  on  s^  and  a. 
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Ai49  =  A51  (AaaU^  +  IprV)  -  A29A48 


+  A82  (DER1  Rf  (DER2F)2  j  +  A,oo  Yg  | 

(D-1022) 

' 

=  A5i  A31U-  ^P^]^P^A8i(DER1R)(DER2F) 
AioIFR  A79R 

+  A,04DER2f| 

(0-1023) 

Ai51  =  A29  A50  -  A51  (A9  +  A30) 

(D-1024) 

A  A29A49fAi02FR_  . 

A,„,™A7,„ 

(D-1025) 

*,53  = 

(D  D26) 

Contact  Forces 


The  contact  force  Fjgpp,  is  given  by  equation  D-101 7  [note  new  subscript] 


c  Ai54^  +  Ai55  0^  +  Ai56  0  +  Ai57 

F23FR  =  - 


'101FR 


(D-1027) 


where 


Ai54 


^P5|,„Y,Y7  +A100Y7 

^79R 


(D-1028) 
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A, 55  =  ^^j'iR(YiY8  +  Y2(DER2F)2) 


+  Asa  (DER1 R)^  (DER2F)2 1  +  A, 00  Ye 

(D- 1029a) 

Ai56  -  ^^Aai(DER1R)(DER2F)  +  A,o4(DER2F) 

Ai57  =  1  Aao  +  Aeo  -  mi  rci  (O*  siny  -  Oy  cosy)] 

^79R 

(D-1029b) 

-  Ai03  +  A99 

(D-1030) 

The  contact  force  =  ^12  *  '•®  ’  ©Quation  D-537,  is  now  expressed  in  terms  of 

the  angular  velocity  <>  and  the  angular  acceleration  ^  which  corresond  to  the  FR  contact 
mode.  Thus,  with  equations  F-154  and  F-155,  one  obtains 

F,a:„  .5^|l,„[(i;(Y,Y7)  +(i>MY,Y8  +  Y2(DER2F)2|] 

+  As,4i(DER1R)(DER2F)  +  As2(j2(  DERI R)2(DER2F)2 


+  Aeo  +  Aeo  -  nil  rd  (OxSiny-  Oycosy) 


(D-1031) 


or 


where 


_ 

Ai58<|)  +  Ai59<j>^  +  AieoO  +  A161 

(D-1032) 

'  12FR  • 

A79R 

^158  “ 

1  Y  Y 
'ir'  1  '7 

(D-1033) 

^159  “ 

Iir[Y,Y3  +  Y2(DER2F)2]  +  Ag2(DER1R)"(DER2F)" 

(D-1034) 

II 

S 

A3,(DER1R)(DER2F) 

(D-1035) 
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m.fc/O.siny-  O^cosy) 


(D-1036) 


The  contact  force  P^,  between  the  verge  and  the  escape  wheel,  may  again  be 
found  in  terms  of  y(t)  with  the  help  of  equation  D-967. 

If  it  is  desired  to  obtain  in  terms  of  the  applicable  0(t),  one  substitutes  equation 
D-1027  for  Fggpp  =  into  equation  D-322  or  equation  D-395  keeping  in  mind  that 
=  A5if  =  AA5if.  Then 


_  Izs  0  +  A48  0^  +  F23FR  A49F  +  A50 

- Ks 


'51 


(D'1037) 


For  the  contact  forces  F^^^,  F^^fr.  P^  (above),  the  values  of  0  and  0  must  be 

those  associated  with  the  differential  equation  D-1020,  which  deals  with  the  FR  contact 
mode. 


DYNAMICS  OF  FREE  MOTION 

Pallet  Free  Motion  Differential  Equation 

Regardless  of  gear  tooth  contact  condition,  the  free  motion  equation  of  the  pallet  is 
obtained  by  letting  P^  =  0  in  equation  D-967.  Then 

IprY  +  A32V^  +  A31 V  =  -Ai  19  +  mpFcp  (KxSinp  -  Kycosp)  (D-1 038) 

Escape  Wheei-Gear  Train-Rotor  Free  Motion  Conditions  for  RR  Contact 
Combined  Differentiai  Equation 

To  obtain  the  combined  free  motion  differential  equation  for  the  RR  contact, 
equation  D-969  for  P^  is  first  set  equal  to  zero.  Then 

Izs0  +  A48R0^  +  F23RRA49R  +  A50R  =  0  (D-1 039) 

Note  that  his  expression  is  not  dependent  on  entrance  or  exit  anymore. 
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Equation  D-956  is  now  substituted  for  F23p,p, 

Izs0  +  A48  0^  +  fAiii0  +  Aii2^  +  Aii34>  A114]  +  A50  =  0 


'101RR 


or 


■  2 

Ai62<I>  +  Ai63<I>  +  Ais4<1>  +  Ales  =  0  (D-1040) 

where 


A  1  A49RA1II 

Ai62  -  Izs  +  —2; - 

(D-1041) 

AioIRR 

«101RR 

(D-1042) 

.  A49RA113 

A,<„„r 

(D-1043) 

Ates  =  A*,  * 

Aioirr 

(D-1044) 

Contact  Force 

In  order  to  differentiate  the  contact  forces  during  free  motion  from  those 
during  coupled  motion  the  nomenclature  T  is  now  introduced. 

While  T23p,p  will  have  the  same  form  as  it  must  be  kept  in  mind  that 

^  and  ^  now  correspond  to  the  free  motion  values  of  differential  equation  D-1040.  Thus, 
with  equation  D-1039 


T23RR  =  - 


(lzs<^  +  -*•  A50) 

A49R 


(D-1045) 
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Contact  Force  T. 


12RR 


The  form  of  contact  force  T^gRR  identical  to  that  of  contact  force  F^jrr 


equation  D-962,  i.e. 


Ti2RR  = 


Ai15<|)  +  Aii6<^^  +  Aii7(|>  Aii8 
A78R 


(0-1046) 


Again,  the  values  of  0  and  ^  must  correspond  to  those  obtained  from  the 
solution  of  equation  D-1040. 

Escape  Wheel-Gear  Train-Rotor  Free  Motion  Conditions  for  FF  Contact 
Combined  Differential  Equation 

To  obtain  the  combined  differential  equation  for  the  FF  contact  mode,  equa¬ 
tion  D-992  for  the  applicable  form  of  is  first  set  equal  to  zero.  Then 


Izs0  +  A48<I>^  +  F23FF  A49F  +  A50  =  0  (D-1047) 

Equation  D-981  is  then  substituted  for  Fggpp 

4«  yViinC  • 

Izs0  +  A48F<1>^  +  [Ai26<|)  +  Ai27<|)  +  Al28<l>  +  A129I  +  A50  =  0 


or 


where 


"  *2 

Ai66<t>  +  Ai67<|>  +  Ai68<1>  +  Ai69  =  0 


(D-1048) 


A  ,  .  A49fAi26 

Ai66  -  Izs  +  “TT - 

A10IFF 

(D-1049) 

A  A  .  A49FA127 

(D-1050) 

.  A49FA128 

(D-1051) 

Aioiff 

(D-1052) 
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Contact  Force 

The  force  has  the  same  form  as  Fggpp,  as  obtained  from  equation  D- 

1047,  i.e. 


T23FF 


(Izs^  +  A50) 

A49F 


(D-1053) 


Note  that  0  and  4>  must  come  from  equation  D-1048. 

Contact  Force  T^^pp 

The  form  of  contact  force  T^gpp  is  identical  to  that  of  contact  force  F^^ff 
equation  D-987,  i.e. 


Ti2FF  = 


Ai30<|)  +  Ai31  A)32<}>  Ai33 

A79F 


(D-1054) 


Again,  ^  and  0  must  come  from  equation  D-1048. 

Escape  Wheel-Gear  Train-Rotor  Free  Motion  Conditions  for  RF  Contact 
Combined  Differential  Equation 

To  obtain  the  combined  differential  equation  for  the  RF  contact  mode,  in 
equation  D-1015  is  first  set  equal  to  zero.  This  results  in 

Izs0  +  A48(t>^  +  F23RFA49R  +  A50  =  0  (D-1055) 

Equation  D-1004  for  Fgg^p  is  then  substituted  into  the  above 

Ik  *  2  1 

Izs  0  +  A48F  0^  +  1  Ai4O0  +  Ai410  +  Ai420  +  A143J  +  A50  =  0 

1  Ul  Hr* 


or 


•2 

Ai7o0  +  Ai7i0  +  Ai720  + Ai73  =  0 


(D-1056) 
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where 


Ai70  =  Izs  + 


A49R  Ai40 
A10IRF 


A  -A  .  A49RA141 

Ai7i  =  A48  + 


M01RF 


«  A49rAi42 

Ai72  =  —J— - — 

Aioirf 


A  A49RA143  .  A 

Ai73  =  — S - -  +  A50 

Aioirf 


(D-1057) 

(D-1058) 

(D-1059) 

(D-1060) 


Contact  Force  T 


23RF 


The  contact  force  has  the  same  form  as  F^g^^p,  as  obtained  from  equa¬ 
tion  D-1055.  Thus 


T  (Izs^  +  A48<t)^  +  A50) 

- SSS - 


(D-1061) 


Note  that  ^  and  4)  must  now  come  from  equation  D-1056. 

Contact  Force  T^^^p 

The  form  of  contact  force  T^^^p  is  identical  to  that  of  contact  force  F^g^p  of 
equation  D-IOtO,  i.e. 


-r  Ai44<t)  +  Ai45(j)2  +  Ai46())  +  Ai47 

= - s;;; - 

Again,  0  and  0  must  be  obtained  from  equation  D-1056. 


(D-1062) 
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Escape  Wheel-Gear  Train-Rotor  Free  Motion  Conditions  for  FR  Contact 
Combined  Differential  Equation 

To  obtain  the  combined  differential  equation  for  the  FR  contact  mode,  in 
equation  D-1037  is  first  set  equal  to  zero.  This  leads  to 

Izs^  +  A48  0^  +  F23FR  A49F  +  A50  =  0  (D-1063) 


Equation  D-1027  for  F 


23FR 


lzs<l>  +  A48<j>  + 

A10IFR 


is  subsequently  substituted  into  the  above 
Ais4<I>  +  Ai55<1)  +  Ai5e<t>  +  A157]  +  A50  =  0 


or 


■2  • 

Al74<t>  +  Ai75<t)  +  Ai76<|>  +  Ai77  =  0  (D-1 064) 


where 


A  1  .  A49FAf54 

(D-1 065) 

A, 75  =  A« 

AioIFR 

(D-1 066) 

A49fAi56 

A,o,fr 

(D-1 067) 

A, 77  =  *  Aso 

AioIFR 

(D-1 068) 

Contact  Force  T^g^-p 

The  force  T^g^p,  has  the  same  form  as  Fgg^p,, 
D-1063,  i.e. 

if  obtained  from  equation 

T  (  Izs  0  +  A48  <1)^  +  Ago) 

=  ■  A49F 

(D-1 069) 

Here,  ^  and  ^  must  come  from  equation  D-1 064. 
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Contact  Force  T 


12FR 

The  form  of  contact  force  T^jpp,  is  identical  to  that  of  contact  force  F^^fr 
equation  D-1032,  i.e. 


Ti2FR  = 


Ai 58  4)  +  Ai59 <1>^  +  Ai60({>  Ai61 


'79R 


(D-1070) 


Again,  ^  and  must  be  obtained  from  solution  of  the  differential  equation 

D-1064. 


IMPACT  EQUATIONS 

The  basic  impact  formulation  may  be  taken  directly  from  references  1  and  2.  It 

must  be  realized  that,  the  pre-impact  angular  velocity  of  the  escape  wheel  must 
correspond  to  the  governing  gear  contact  regime  of  free  motion. 

As  in  the  above  references,  angle  must  be  used  for  entrance  impact,  while  for 
exit  Impact  the  angle  is  applicable.  With  both  entrance  and  exit  Impact  having  the 
same  form,  one  uses 


and 


4>i(iSTOTDi 


,'2 


Ori;;pAi^)  Vii^yAi  (1  Of)  Di 

i%pAi^  +  IstotD? 


(D-1071) 


'Qr(viDi  -<l>iAi)  (D-1072) 

d’i 

where  Istot.  the  free  motion  escape  wheel-gear  train-rotor  moment  of  inertia  as 
referred  to  the  escape  wheel,  depends  on  the  gear  contact  regime. 

RR  Contact 

With  equations  F-108  and  F-142  of  appendix  F 

'sTOT  =  'zs  +  I«DER2R'  +  l^^,(DER2R)^DER1  R)' 


(D-1073) 


FF  Contact 


With  equations  F-126  and  F-150 

'sToT  =  +  laDER2F'  +  l;^,(DER1F)"(DER2Ff 

RF  Contact 

With  equations  F-108  and  F-146 

'sTOT  =  L  *  +  l^^,(DER2R)^DER1F)' 

FR  Contact 

With  equations  F-126  and  F-154 

'sTOT  =  'z.  +  Iz2DER2F"  ♦  I^^,(DER2F)'(DER1  R)" 


(D-1074) 


(D-1075) 


(D-1076) 
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APPENDIX  E 

PROJECTILE  KINEMATICS 
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Until  the  time  when  actual  aerobaillstic  data  can  be  incorporated  into  program 
AERCLCX).  the  following  expressions  for  the  projectile  kinematics  will  be  used* 

Spin  Simulation 

Assuming  a  constant  spin  velocity,  obtain  for  the  spin  kinematics: 

^*E  =  0  (E-1) 

=  DPHIE  =  — ^  (E-2) 


and 


=  PHIE  =  <i>gt 


(E-3) 


Precession  Simulation 

Assuming  that  the  precession  velocity  is  also  constant,  the  following  is  obtained 


where 


r.oo..r  DPHIE 
\|/g  =  DPSIE  =  — - 


(E-4) 


(E-5) 


KP  =  Kp,  is  a  divisor  to  obtain  the  precession  velocity  as  a  fraction  of  the  spin 

velocity 

K  «100  (E-6) 

p 

Ve  =  PSIE  =  xj/.t  (E-7) 

Nutation  Simulation 

The  nutation  angle  is  assumed  to  vary  sinusoidally  about  some  initial  angle.  Then 
0g  =  THET  =  THETIN  +  TVAR  sin  (K^  xj/^  t)  (E-8) 


*For  nomenclature  see  appendix  A. 
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where 


THETIN  =  8  degrees,  the  initial  cone  angle  (E-9) 

TVAR  =  2  degrees,  the  maximum  change  in  cone  angle  (E-10) 

=  6  to  8,  multiplier  of  precession  angular  velocity  to  obtain  (E-1 1 ) 

maximum  nutation  velocity 

With  the  above 

=  TVAR  *  Kn  *  Yg  cos  (K^  t)  (E-1 2) 

0g  =  -  TVAR  *  Kj  *  sin  (K^  xy^  t)  (E-1 3) 

Drag  Deceleration 

The  deceleration  z  a  2k  of  the  center  of  mass,  due  to  drag  and  expressed  in  the 
projectile-fixed  system,  is  given  by 

2=  DDZ  a -386.4*  10  (E-1 4) 
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APPENDIX  F 

FORWARD  AND  REVERSE  KINEMATICS  OF  CLOCK  GEAR 
MESHES  NO.  1  AND  NO.  2 
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The  present  appendix  restates  for,  the  sake  of  convenience,  various  expressions 
pertaining  to  the  forward  as  well  as  the  reverse  kinematics  of  meshes  1  and  2,  which 
were  originally  derived  in  references  1  and  2,  respectively. 

The  angle  between  the  escape  wheel  pinion  tooth  centerline  and  the  x-axis  is  now 
called  (|)g. 

Subsequently,  the  angular  velocities  and  accelerations  of  gear  and  pinion  no.  2 
and  rotor  gear  no.  1  will  be  formulated  in  terms  of  the  angular  velocity  and  the  angular 
acceleration  of  the  escape  wheel  for  all  regime  combinations. 

Forward  Kinematics  of  Mesh  No.  1  (angle  is  input,  angle  (}>2p  >s  output)^ 


Round-on*Round  Phase  of  Motion  (fig.  F-1) 
Angle  The  angle  <(>2p  may  be  obtained  from 


<t)2p  =  2  tan 


iAir  ±  VAir  + 


-C^ 


1R 


1R  +  '.'IR 


where 


=  b,  sin  (P^  +  5p,)  -  a^,  sin  (<(),  -  5^,  +  5p,) 
Bir  =  b^  cos  (P,  +  6p,)  -  Cq,  cos  (<t>,  -  63,  +  6p,) 


(F-1) 


(F-2) 

(F-3) 


-  b,  -  a|,  -  a|,  +  2aGi  bi  cos  (<|)i  -  6gi  -  pi) 

2api 


(F-4) 


The  correct  sign  in  equation  F-1  must  be  determined  by  geometric  considerations. 


Angle 


=  cos 


1 1~  bi  cos  Pi  + 


api  cos  (<j)2P  -  5pi )  -  aoi  cos  (<l)i  -  6g 


(F-5) 


^The  output  angle  of  mesh  1  is  called  <j>2p  (P=  pinion),  while  the  input  angle  of  mesh  2 
will  be  (|)2q  (G  =  gear).  Only  the  increments  of  these  angles  are  equal. 
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Output  Angular  Velocity^  02  =  =  ijc 


(F-7) 

where 

*"1R  ~  ^IHO  ^2P  '  ®1RD  *^2?  '  ^IRD 

(F-8) 

“iR  =  ''iR  “S  V  -  B,„  Sin  ((ijp 

(F-9) 

with 

^IRD  ~  ^G1  ^*^*1  *  ^G1 

(F-10) 

®1RD  “  ^G1  '  ^G1  ^Pl) 

{F-11) 

P  aoi  bi  Sin  (0i  -  6g!  -  Pi ) 

1RD  -  api 

(F-12) 

Relative  Velocity  Contact  Point 

Vsi/Ti^  =  {01  (SGI  cos  (01  -  6gi  -  Xi)  +PGi| 

-  02  |api  cos  (02P  -  5pi  -  A,i)  -  ppij}  onxi 

(F-13) 

^Regarding  the  derivatives  of  the  gear  and  pinion  no.  2,  there  is  no  difference  whether 
the  gear  or  the  pinion  is  involved.  The  difference  is  only  needed  for  the  angles,  since 
the  angles  and  are  expressed  with  respect  to  different  center  lines. 


Round-on  Flat  Phase  of  Motion  (fig.  F-2) 


Angle  (|»2p 


<|)2P  =  2  tan*^ 


Aif  ±  Va?f  Bfp  -  Cfp 

Bif  +  Cif 


with  appropriate  choice  of  sign,  and 

A,p  =  a^^  cos  (<|)i  -  8gi  -  api)  -  bi  cos  (pi  -  api) 

B^p  =  -Oq,  sin  (<1)1  -  8gi  -  api)  +  bi  sin  (pi  -  api) 


C 


IF  ~  'Pqi 


Distance 

aci  sin  (01  -  5gi)  *  poi  cos  (02p  +  oipi)  -  bi  sin  pi 
*■  sin  (02P  +  ttpi) 

Output  Angular  Velocity  =  0^^ 


where 


^1F  ~  ^IFD  ^2P  ®1FD  ^2P 
M,P  =  A,p  COS  02P  -  B,p  Sin  02p 


and 


^IFD  =  ®G1 

®1FD  =  ®G1  COS  (01  -8gi  -Opi) 


(F-14) 

(F-15) 

(F-16) 

{F-17) 

(F-18) 


(F-19) 

(F-20) 

(F-21) 

(F-22) 

(F-23) 
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Relative  Velocity  at  Contact  Point 


Vgi/Ti^  =  0,  ^  aoi  sin  ((|)2P  +  api  -<|>i  +  5gi)  +Pgi}  hfi 


Transition  Angles  (t>2p^  and  (t>^^ 


.1  Ait  ±  "n/Ait  +  B^t  * 
‘•»2PT  =  2tan  Bit  +  Cn 


IT 


with  appropriate  choice  of  sign,  and 

A,t  =  -Pg,  cos  (pi  -  api)  +  fpi  sin  (pi  -  ai) 

Bit  =  Pgi  (P’  ‘  “^0  +  (P’  ‘ 

all  -  p|i  -  b?  - 


ClT  = 


(|),T  =  COS 


if'pGi  sin  (<t)2PT  +  oipi)  +  bi  cos  Pi  +fpi  cos  (P2pt 


1 


aoi 


+  6gi 


,  .  -if  Pgi  cos  (<(>2pt  +  otpi)  +  bi  sin  Pi  +  fpi  sin  (<1)2pt  +  ®pi)~|  s 

♦it' sin  1^ - - J*8g, 

Sensing  Equations  for  the  Determination  of  Contact  of 
Subsequent  Tooth  Mesh 

Contact  will  occur  as  soon  as 


V^Xl  "P  Lyl  <  Pq^  +  Pp^ 


where 


and 


(F-24) 


(F-25) 


(F-26) 

(F-27) 

(F-28) 

{F-29) 

(F-30) 


(F-31) 


Lxi  =  bi  cos  pi  +  api  cos  (<1)2p  +  -  §pi)  -  aoi  cos  (01  -  A0i  -  5gi)  (F-32) 


Lyi  =  bi  sin  Pi  +  api  sin  (02P  +  A02p  ■  Spi)  *  aoi  sin  (0i  -  A0i  -  8gi) 


(F-33) 
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The  above  requires  the  substitution  of  positive  values  for  A<))2p  and  A(l)i,  the  tooth  spac¬ 
ing  angles. 

Further,  as  in  references  1  and  2,  the  angle  ())2p  must  be  determined  for  the  round- 

on-flat  phase  of  motion,  since  the  initial  contact  of  the  subsequent  set  of  meshing  teeth 
is  preceded  by  this  phase  of  motion.  This  means  that  equation  F-14  is  applicable. 


FORWARD  KINEMATICS  OF  MESH  NO.  2 

(Angle  <|)2q  is  input,  angle  is  output) 


Round-on-Round  Phase  of  Motion  (fig.  F-3) 
Angle  <))g 


,  AaR  ±  "VAja  +  BgR  -  C2R 

=  2 - 

with  appropriate  choice  of  sign,  and 


Can  =- 

Angle 

Xa  =  cos 


2ap2 


Xa 


{ 

=  sin  ’ 


ba  cos  Pa  +  3p2  cos  ((j>s  +  Spz)  -  802  cos  (((>20 


ba  sin  Pa  +  apa  sin  (<j)s  +  5pa)  -  aG2  sin  (<|)aG 


+  5g2)J 


(F-34) 


5pa) 

(F-35) 

-  6pa) 

{F-36) 

+  5g2  -  P2) 

(F-37) 

(F-38) 


(F-39) 
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Escape  Wheel  and 
Pinion  No.  3 


Direction  of 
Rotation 


Figure  F-3. 


Round-on-round  phase  of  motion  for  mesh  no. 
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(F-40) 


Output  Angular  Velocity  of  Escape  Wheel 

A  A  *-2R 

where 

“  ®2RD  '  ^2RD  ■*■  ^2RD 

Man  =  cos  ^3  -  sin  (Dg 
and 

A2RD  =  3G2  cos  (<()2G  +  5g2  -  6p2) 

B2RD  =  aG2  sin  ((t)2G  +  5g2  -  Spg) 

aG2  b2  sin  (<1)2g  +  8g2  *  P2) 

^200  =  - - 

Note  that  in  equation  F-40 

*^20  “  *^2?  ~  ^2 


Relative  Velocity  V32/t2„  at  the  Contact  Point 

Vs2/T2r  =  {<^2Q  [aQgCOS  ((|)2g  +  '  ^2)  +  PqJ 

■^l3p2  ^P2  '  ^2^  "  Pp2^  ^^N^2 

Round-on-Flat  Phase  of  Motion  (fig.  F-4) 

Angle  <|)„ 


A2F  ±  Va^f  +  B2F  -  C 
<^^=2  tan  ’  - B2f  ^  C2F 


2 

2F 


(F-41) 

(F-42) 

(F-43) 

{F-44) 

{F-45) 

{F-46) 


(F-47) 


(F-48) 


3The  notation  <t>  is  identical  with  <i>s.  It  is  used,  since  the  derivations  in  appendix  D 
show  this  form  of  the  escape  wheel  angular  velocity. 
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with  appropriate  choice 

of  sign,  and 

A2F 

=  aG2  cos  ((1)2G 

+  8g2  +  OtP2) 

-  b2  COS  (P2 

+  ap2) 

B2F 

=  -aG2  sin  (<j)2G 

+  8g2  +  Otp2) 

+  b2  sin  (P2 

+  ap2) 

LL 

0 

“  Pg2 

Distance  g^ 

aG2  sin  (<t)2G  +  802)  +  Pg2  cos  ((jis  - 

(Xp2)  ■  b2  sin  P2 

sin  (<t>s  -  ap2) 


Output  Angular  Velocity  0 


where 


Lap  =  A2FD  sin  <|)s  +  B2FD  cos  <l)s 
M2F  =  A2F  cos  08  *  B2F  sin  <|)s 


A2FD  =  3g2  sin  (<j)2G  +  Sg2  +  oep2) 

B2FD  =  3G2  cos  (<|)2G  +  Sg2  +  ttP2) 

Equation  F-46  is  also  applicable  to  equation  F-53. 

Relative  Velocity  at  Contact  Point 

Vs2rr2F  =  ^2  [302  sin  (i|)s  -  ap2  -  020  *  §02)  ■  PG2I  nF2 

Transition  Angles  0g^  and 


,  A2T  ±  V A2T  +  ^21  ■  CpT 


with  appropriate  choice  of  sign,  and 


A2T  =  pG2  cos  (p2  +  0CP2)  +  fp2  sin  (P2  +  01P2) 
Bar  =  -pG2  sin  (pa  +  apa)  +  fpa  cos  (pa  +  apa) 


C2T 


-  Pg2  -  b2  -  f 


2 

P2 


<|>2GT  =  COS 


4>2GT 


'[ 

=  sin  ’1^ 


PG2  sin  (<|)ST  -  «P2)  fp2  cos  ((|>ST  -  CXpa) 

aG2 


-  pg2  cos  (<|)st  -  «P2)  +  fp2  sin  (<{)st  -  ap2) 

3G2 


+  b2  cos  P2J 
+  b2  sin  P2J 


(F-60) 

(F-61) 

(F-62) 

-  6g2  (F-63) 

-  8g2  (F-64) 


Sensing  Equations  for  the  Determination  of  Contact  of  Subsequent 
Tooth  Mesh 

Contact  will  occur  as  soon  as 
>/Lx2  +  Ly2  ^  Pg2  Pp2 


where 


Lx2  =  b2  COS  p2  +  ap2  cos  (<|>s  -  A<j)s  +  8p2)  ■  aG2  cos  (<|)2g  +  A<|)2g  Sg2)  (F-66) 

Ly2  =  b2  sin  P2  +  ap2  sin  (<j)s  -  A<))s  +  8p2)  -  aG2  sin  (<|)2g  +  A(|)2g  +  Sg2)  (F-67) 

The  above  requires  the  substitution  of  positive  values  for  A(|)g  and  Ai^g^,  the  tooth  spac¬ 
ing  angles.  The  angle  must  be  found  according  to  equation  F-48. 
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REVERSE  KINEMATICS  OF  MESH  NO.  1 

(Angle  <|>2p  is  input  and  angle  0^  is  output) 

Round-on-Round  Phase  of  Motion  (fig.  F-l ) 

Angle  0^ 


.  O’"  ±VDf„+E?„-F?„ 

0=2  tan  - P — - 

’  biR  +  hiF 

(F-68) 

with  appropriate  choice  of  sign,  and 

Dir  *  -2aGi  [api  sin  (02p  +  8gi  -  5pi)  +  bi  sin  (Pi  +  5gi)] 

(F-69) 

Eir  =  -2aGi  [api  cos  (02p  +  8gi  -  5pi)  +  bi  cos  (pi  +  Sqi) ] 

{F-70) 

-  aQ,  -  ap,  -  b^  -  2api  bi  cos  (02P  -  pi  -  5pi) 

(F-71) 

Angular  Velocity  0^ 

0^  =  02P  DER1 R 

(F-72) 

where 

p  _  Firp  ■  OiRD  sin  01  ■  Eiro  cos  0i 

Dir  cos  01  -  Eir  Sin  01 

{F-73) 

and 

^IRD  ~  *  (^2P  +  8gi  *  8pi) 

(F-74) 

Eird  =  2aGi  api  sin  (02P  +  6gi  -  8pi) 

(F-75) 

Fird  =  2api  bi  sin  (02p  -  pi  -  5pi) 

(F-76) 

Angular  Acceleration 

’<5i='<?2pYi+02pY2 

(F-77) 
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where 


Yi  =  X,X3 

(F-78) 

Y2  =  X,X3 

(F-79) 

and 

1 

1  Dir  cos  01  -  Eir  sin  01 

(F-80) 

X2  =  Fird  *  Dird  sin  0i  -  Eird  cos  0i 

(F-81) 

^3  ~  ^IRD  ■  ^IRDO  ^1  ■  ^IRDD  ^1 

+  DER1 R  ( 2  Eird  sin  0i  -  2  Dird  cos  0i  | 

+  DER1 R2  (  Dir  sin  0i  +  Eir  cos  0i ) 

(F-82) 

with 

Dirdd  =  2aGi  api  sin  (02p  +  8gi  *  5pi) 

(F-83) 

Eirdd  =  2aGi  api  cos  (02P  +  6gi  -  5pi) 

(F-84) 

F 1RDD  =  2api  bi  cos  (02P  -  Pi  -  6pi) 

(F-85) 

Round-on-Flat  Phase  of  Motion  (f‘g.  F-2) 

Angle  0, 

A  o  “  VDif  +  E^f  •  Fif 

0i  =  2tan  E^f  +  Fif - 

(F-86) 

with  appropriate  choice  of  sign,  and 

Dip  =  ■  aoi  cos  (02p  +  api  +  5gi) 

(F-87) 

Eif  =  aGi  sin  (02P  +  api  +  8gi) 

(F-88) 

Fif  =  -  pGi  +  bi  sin  (02P  +  opi  -  pi) 

(F-89) 
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^  ~  (Dif  cos  <1)1  -  Eif  sin  <|)i) 

^5  “  ^IFD  ■  ^IFD  ■  ^IFD 

^6  “  ^IFDD  '  ^IFDD  '  ^IFDD 

+  DER1F  (-  2  Difd  cos  <>1+2  Eifd  sin  <>1) 
+  DER1 I  Dif  sin  <>1  +  Eif  cos  <>1  ] 


(F-90) 

(F-91) 

(F-92) 

(F-93) 

(F-94) 

(F-95) 

(F-96) 

(F-97) 

{F-98) 

(F-99) 

(F-100) 
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and 

Difdd  =  Sgi  cos  (<1)2p  +  api  +  5gi) 

(F-101) 

El  FDD  =  -aoi  sin  {^p  cxpi  +  8gi) 

(F-102) 

Fifdd  =  -bi  sin  ((|)2P  +  opi  -  Pi) 

(F-103) 

REVERSE  KINEMATICS  OF  MESH  NO.  2 

(Angle  0g  is  input  and  angle  (J)2q  is  output) 

Round-on-Round  Phase  of  Motion  (fig.  F-3) 

Angle 

1  D2r  ±  VOaR  +  E|n  -  Fjr 
<>„  =  2  tan  - e — - 

2*3  b2R  +  r2R 

(F-104) 

with  appropriate  choice  of  sign,  and 

D2H  =  -2  ap2  aG2  sin  (<))s  +  8p2  -  802)  *  2  aG2  b2  sin  (P2  ■  5g2) 

(F-105) 

E2R  *  *2  ap2  aG2  cos  (0s  +  5p2  -  8g2)  *  2  aG2  b2  cos  (P2  *  §02) 

(F-106) 

F2R  =  Ll  -  a|2  -  a|2  -  bs  -  2  ap2  b2  cos  (0s  +  5p2  -  P2) 

(F-107) 

Angular  Velocity  02^ 

02q  =  0  DER2R 

(F-108) 

where 

D2R  cos  02g  ■  E2R  sin  02g 

(F-109) 

and 

^2RD  ~  ^  ®P2  ®G2  ^P2  '  ^G2^ 

(F-110) 

E2RD  *  2  ap2  aG2  sin  (0s  +  892  -  802) 

(F-111) 
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^2RD  ^  ®P2  *^2  ^P2  '  ^2^ 

(F-112) 

Angular  Acceleration 

<>2G  =  +  «i.\ 

(F-113) 

where 

Ys  =  X,X3 

(F-114) 

Y6  =  X,X3 

(F-115) 

and 

y  1 

^  D2R  cos  <(>2G  ■  E2R  sin  <t)2G 

(F-116) 

^8  “  ^2no  '  ^ano  ^2G  ‘  ^2Rd  ^2G 

(F-117) 

^9  “  ^2RDO  '  ^2ROO  *I*2G  '  ^2RDD  *1^20 

+  DER2R  |-2  D2R0  cos  <|>2g  +  2  E2rd  sin  <i)2Gl 

+  DER2R^  |D2r  sin  +  E2R  cos  ^g] 

(F.118) 

^2RDD  ~  ^  ®P2  ®G2  ^P2  "  ^02^ 

(F-119) 

^anOD  “  ^  ®P2  ®G2  ■*■  ^P2  *  ^G2^ 

(F-120) 

^2RDD  “  ^  ®P2  ^2  ■*■  ^P2  '  ^2^ 

{F-121) 

Round>on>Flat  Phase  of  Motion  (fig.  F-4) 

Angle 

1  D2F  ±  VD^F  +  E2F  ■  ^2F 
'•’aG-^tan  Ezf  +  Fzf 

(F-122) 
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with  appropriate  choice  of  sign,  and 


D^f  =  •  3q2  '  ®P2  ' 

^2F  “  ®G2  '  ®P2  *  ^G2) 

^2F  “  Pg2  ^2  '  ®P2  '  ^2^ 

Angular  Velocity 

^20  =  4>  DER2F 


where 


DER2F  -  02G  -  E2FD  COS  <j)2G 

D2F  cos  <|)2g  ■  E2F  sin  (j)2G 


and 


^2FD  ”  ^G2  *  ®P2  '  ^02^ 

^2FD  ~  ®G2  '  ®P2  *  ^02^ 

^2FD  ~  ^2  *  ®P2  *  ^2^ 

Angular  Acceleration  $2 

\g  =  +  <^^Y3 

where 


Y7  =  X,oX,, 

Ye  =  X,oX,2 


and 


X 


_ 1 

10  D2F  cos  (t)2G  ■  E2F  sin  <|>2G 


(F-123) 

{F-124) 

{F-125) 

(F-126) 

(F-127) 

(F-128) 

(F-129) 

(F-130) 

(F-131) 

(F-132) 

(F-133) 

(F-134) 
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^11  “  ^2FD  ■  ^2FD  ^2G  '  ^2FD  ^2G 


{F-135) 


^12  “  ^2FDD  ■  ^2FDD  *^*2G  '  ^2FDD  ^2G 

+  DER2F  [-2D2FD  cos  <t>2G  2E2fd  sin  02g1 

+  DER2F^  |D2f  sin  (t)2G  -*■  E2F  cos  <j)2Gl 

(F-1 36) 

^2FDD  ~  ®G2  '  ®P2  '  ^02^ 

(F-1 37) 

E2FB0  =  -aea  sin  (415  -  an  -  Sgb) 

(F-1 38) 

f'jFDD  =  S'"  M's  -  “P2  - 

(F-1 39) 

ANGULAR  VELOCITIES  AND  ACCELERATIONS  OF  GEAR  AND  PINION  NO.  2 
AND  ROTOR  GEAR  NO.  1  IN  TERMS  OF  THE  ESCAPE  WHEEL  ANGULAR 
VELOCITY  <i)  AND  ANGULAR  ACCELERATION  $  FOR  VARIOUS  MESH 

CONTACT  MODES 

Case  No.  1 :  RR  (Mesh  2:  Round-on-Round;  Mesh  1 :  Round-on*Round) 

According  to  equations  F-72  and  F-77,  the  angular  velocity  and  acceleration  of  the 
rotor  gear  of  mesh  1  in  the  round-on-round  phase  are  given,  respectively  by 

i,=<^2pDER1R  (F-72) 

•<t),  =  (D’^pY,  +  (F-77) 

According  to  equations  F-108  and  F-113,  the  angular  velocity  and  acceleration  of 
gear  no.  2  of  mesh  2  in  the  round-on-round  phase  is  given  by 

i2Q  =  (i»DER2R  (F-108) 

i|>,G  =  f  (F-1 13) 
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Since 


4>2p  =  <I> 


(F-140) 


and 


^*2P  =  ^20  = 

the  angular  velocity  of  the  rotor  gear  1  becomes 

=  <i(DER1  R)  (DER2R)  (F-142) 


The  angular  acceleration  of  the  rotor  is  also  obtained  by  appropriate  substitu¬ 
tion,  i.e., 


=  $[Y,YJ  -f  i"[Y,Y^  +  Yj(DER2R)"l  (F-143) 

Case  No.  2:  RF  (Mesh  2:  Round-on>Round;  Mesh  1:  Round-on-Fiat) 

According  to  equations  F-90  and  F-95,  the  angular  velocity  and  acceleration  of  the 
rotor  gear  of  mesh  1  in  the  round-on-flat  phase  are  given,  respectively,  by 

<i,  =  ^ijpYj  +  *ipY,  (F-95) 

Equations  F-117  and  F-122  are  again  used  to  describe  the  angular  velocity  and  ac¬ 
celeration  of  gear  and  pinion  no.  2  of  mesh  2  in  the  round-on-round  phase.  Since, 
again 


<I>2P  =  ‘I>2G 


and 


<tep  =  <f>2G.  (F-145) 

the  angular  velocity  (|),  of  the  rotor  gear  1  becomes  on  substitution  of  equation  F-108 
into  equation  F-90 

=  i(DER1  F)  (DER2R)  (F-1 46) 
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Appropriate  substitution  of  equation  F-113  into  equation  F-95,  yields  for  the  angular 
acceleration  of  the  rotor  gear  1  the  following 

■i;,  =  WV3Y  J  +  flYjY,  +  Y,(DER2R)"l  (F-1 47) 

Case  No.  3:  FF  (Mesh  2:  Round-on*Flat;  Mesh  1 :  Round-on-Flat) 

As  for  case  2,  equations  F-90  and  F-95  give  the  velocity  and  acceleration  relation¬ 
ships  for  mesh  1  in  the  round-on-flat  phase. 

Equations  F-1 26  and  F-1 31  give  the  angular  velocity  and  acceleration  of  gear  and 
pinion  no.  2  of  mesh  2  in  the  round-on-flat  phase  as  follows: 


4>2g  =  <f>DER2F 
and 

(F-1 26) 

+  ,i)\ 

(F-1 31) 

Again 

«  • 

02P  =  <|)2G 

(F-1 48) 

and 

*<t>2P  ~  ^*2G 

(F-1 49) 

Appropriate  substitution  of  equation  F-1 26  into  F-90  furnishes  the  angular  velocity  0,  of 
the  rotor  gear  1  in  terms  of  the  escape  wheel  angular  velocity  ^  for  the  present  FF  case 

=  (>(DER1  F)  (DER2F)  (F-1 50) 

Similar  substitution  of  equation  F-1 31  into  equation  F-95  furnishes  the  angular  accelera¬ 
tion  of  the  rotor  gear 

■(D,  =  5>[Y3Y,]  4.  iVaY,  4  Y3(DER2F)"1  (F-1 51 ) 


291 


Case  No.  4:  FR  (Mesh  2:  Round-on>Flat;  Mesh  2:  Round-on-Round) 

To  obtain  the  angular  velocity  equation  F-126  is  substituted  into  equation  F-72 
In  a  similar  procedure,  the  angular  acceleration  d,  results  from  the  substitution  of  equa¬ 
tion  F-131  into  equation  F-77.  In  either  case,  the  following  equalities  must  be  observed; 

^2p  =  4g  {F-152) 

and 

Then, 

=  i(DER1  R)(DER2F)  (F-1 54) 

and 

V,  =  $[Y,  Y,1  +  iV.Y,  +  Yj(DER2F)=^l  (F-1 55) 
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APPENDIX  G 

PROJECTILE  KINEMATICS  IN  TERMS  OF  COORDINATE  SYSTEM  FIXED 
TO  UNDERSIDE  OF  MECHANISM  PLANE 
(APPLICABLE  TO  M577  S&A) 
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The  projectile  in  figure  D-f  of  appendix  D,  which  shows  the  M577  S&A  located  on 
the  underside  of  the  mechanism  plane,  was  rotated  180  degrees  about  the  Xp  axis, 

when  compared  to  its  original  position  in  figure  C-1  of  appendix  C.  (Note  that  the 
relative  position  of  the  center  of  mass  Cpp  of  the  projectile  remains  undisturbed. 

This  rotation  places  the  Yp  and  Zp  axes  in  opposite  directions  to  the  Y  and  Z  axes, 

respectively,  of  the  newly  introduced  coordinate  system  which  is  attached  to  the  under¬ 
side  of  the  mechanism  plane. 

It  is  therefore  necessary  to  express  the  aeroballistic  kinematics  of  appendix  A  in 
terms  of  this  new  X-Y-Z  system.  Figure  G-1 ,  which  represents  a  revision  of  figure  A-1 , 
is  used  for  this  purpose.  The  original  lower  case  x-y-z  system  is  now  labeled  Xp-Yp-Zp. 

When  the  angular  velocity  components  of  the  projectile  are  now  expressed  in  this 
new  system  (with  additional  subscript  u),  one  obtains: 


(Oxu  -  0E  COS  <)>E  +  VE  sin  0E  sin  (^e 

(G-1) 

(Dyu  s  0E  sin  <|>E  *  sin  0e  cos  <|)e 

(G-2) 

0>ZU  =  "^E  ■  VE  cos  0E 

(G-3) 

Differentiation  of  the  above  expressions  furnishes  the  components  of  the  angular 
acceleration  of  the  projectile  in  this  system 

(Dxu  =  6e  cos  <|>E  -  6e<|>e  sin  <|)e  sin  6e  sin  <|>e 

+  VE^E  cos  0E  sin  <|>E  +  VE^E  Sin  0E  cos  <1>E  (G‘4) 

(ii)yu  =  0E  sin  <)>E  0E<l>E  cos  <)>E  *  ¥e  sin  0E  cos  <t>E 

-  veOe  cos  0e  cos  <|)e  +  VE<t>E  sin  0e  sin  ^e  (G-5) 

o)^y  =  -<l>g-\jirgCOS0g  +  V£0£Sin0g  (G-6) 

Comparison  with  equations  A-2  to  A-4  and  A-6  to  A-8,  respectively,  shows  that 
the  changing  requirements  can  be  satisfied  by  the  following  general  notation 

©xGEN  =  (Ox  (G*7) 
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Mechanism  Plane 


igure  G*1 .  Relationship  of  X-Y-Z  coordinate  system  fixed  to  underside  of  mechanism  plane  to  aeroballistic 
coordinate  system 


1 


CDyGEN  »  S8Ci>y 

(G-8) 

<*>zGEN  =  S8Ci)z 

(G-9) 

and 

tbxGEN*  Wx 

(G-10) 

cbyGEN  =  S8Ci)y 

(G-11) 

WzGEN  =  S8ci)z 

(G-12) 

In  the  above 

$8  =  +1 

(G-13) 

when  equations  A-2  to  A-8  are  applicable,  and 

S8  =  -1 

(G-14) 

when  equations  G-t  to  G-6  are  needed. 

In  addition  to  the  above,  the  sign  of  the  drag  deceleration  (first  used  in  equation  E- 
14.  ref  1  and  given  in  appendix  E  of  this  report)  must  also  be  responsive  to  the  location 
of  the  S&A  with  respect  to  the  mechanism  plane.  Thus 

(G-15) 

where  |  z|  is  the  absolute  value  of  the  projectile  drag  deceleration.  Further 


S8  =  +1  (G-16) 

when  the  S&A  is  located  as  in  figure  C-1  of  appendix  C  of  this  report,  on  top  of  the 
mechanism  plane.  When  the  S&A  is  located  on  the  underside  of  the  mechanism 
plane,  as  shown  in  figure  D-1  of  appendix  D 


S8  =  -1 


(G-17) 


in  equation  G-15. 


299 


REFERENCES 


1 .  Tepper,  F.  R.  and  Lowen,  G.  G.,  “Computer  Simulation  of  Artillery  Safing  and 
Arming  Mechanism  in  Aeroballistic  Environment  (Involute  Gear  Train  and 
Straight-Sided  Verge  Runaway  Escapement),"  Technical  Report  ARLCD-TR- 
83050,  ARDC,  Dover,  NJ,  July  1984. 


300 


APPENDIX  H 
PRCX3RAMAERCL0C 


301 


o 

< 

a. 


tn 


cs 

If) 


0> 

00 

o 

o 

o 

2  o 

o 

o 

o 

o 

o 

o 

O 

O 

2  C 

o  o  o  o  o 

o  o 

OOQOOO 

o  o 

o  o  o  o  o 

o 

O 

o 

O  O  O 

o  o  o  c 

2  o 

ooooooooo 

o  o 

oo 

a> 

o  - 

CN 

r) 

in 

ID 

00 

0) 

o  o 

^  CN  o  ^  in 

<n 

00  O  O  —  CN  <n 

^  in 

(0  00  C7>  O 

CN 

n 

«  in  tf> 

h-  00  0)  ^ 

5  ^ 

cNn^inior^eotDO 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

cn  n 

c*)  Cl  n  o  o 

c^  n 

cn  C5  V  ^  ^  ^ 

^  ^  ^  V  in 

in 

m 

in 

in  in  tn 

in  in  m  t 

>  10 

IDtf)<OlOlOtDlOlOr^ 

0) 

o 


u 

oc 


< 

u 

o 

o 

o. 


> 

. 

CN 

4 

o 

mm 

p- 

a 

CN 

z 

>■ 

•  • 

3 

• 

* 

c 

• 

o 

• 

. 

tn  CN 

3  Z 

a 

X 

z 

• 

tn 

C*) 

X  o 

Z  • 

X 

a 

• 

• 

n 

4 

a 

in 

> 

4 

Z 

•  3 

rN 

• 

a 

< 

H- 

• 

• 

. 

w 

. 

-) » 

CN 

o 

w 

K 

UJ 

u 

o 

CN 

X 

CN 

Z  • 

o 

• 

fSI 

z 

< 

Ul 

CD 

CN 

• 

• 

> 

rsj  c 

•  o 

in 

a 

• 

z 

CD 

• 

X 

Z 

CL 

« 

• 

«  Z 

> 

D  i“ 

10 

UJ 

• 

u 

4 

• 

X 

• 

• 

Z 

o 

• 

* 

pp  2 

•f 

X 

CN 

a 

O 

CN 

UJ 

u. 

tn 

• 

o 

>• 

CN 

CN  4 

11 

3  U> 

CD 

►“ 

> 

• 

< 

I 

u 

oc 

tn 

• 

>  o 

u  ^ 

3 

M 

CN 

K 

a 

< 

« 

n 

• 

pm 

►- 

CN 

mm 

£D 

CN 

^  X 

a 

a 

I 

< 

UJ 

• 

CN 

CN 

a 

X 

in  t- 

w 

I 

•Z 

o 

X  a 

M 

CN 

a 

z 

CD 

4 

tn 

CD 

u. 

CN 

a 

>  a. 

X 

CL 

CN  4 

CO 

QC 

a  > 

Z 

3 

M 

X 

• 

z 

• 

• 

mm 

* 

• 

z 

« 

•  CN 

• 

o 

X  -I 

CO 

a 

« 

•  o 

O 

>«« 

< 

z 

2 

X 

o 

>  I 

m- 

mm  « 

CN 

0. 

oc 

• 

o  ^ 

u. 

ti 

• 

• 

u 

o 

< 

Ui 

a 

CD 

z 

tn 

C3 

*  CL 

• 

•  ^ 

3 

oc 

X 

^  T 

(0 

a 

a 

♦ 

U* 

X 

o 

• 

tt 

a 

• 

3  ' 

X 

-J 

• 

• 

CN 

n 

I  a 

Ui 

Ui 

M 

• 

CN 

U 

0. 

• 

CN 

u. 

• 

•  u 

• 

CN 

N  • 

m- 

CN 

a 

> 

a  ‘ 

a 

Ui 

Ul 

CN 

3 

Ul 

«l 

CN 

a 

CN 

oc 

4 

Ui  u. 

o 

Ul  3 

3 

a 

QC 

in 

*  o 

< 

NM 

M 

z 

• 

O 

4 

M 

u. 

O 

z  a 

mm 

^  -1 

a 

• 

o  u 

• 

» 

o 

% 

• 

I 

• 

u 

Z 

00 

z 

O  <N 

X 

X 

•  • 

CN 

o 

• 

CN 

00 

a 

u  u 

• 

a 

3 

n 

z 

a 

• 

o 

in 

4 

O  X 

a 

mJ 

o 

CN 

a 

u 

IN 

a 

IN 

u  *- 

H- 

X 

X 

< 

• 

< 

& 

o 

a 

X 

• 

in 

• 

•  0. 

0) 

3 

• 

u 

& 

QC 

> 

N 

UJ 

N 

UJ 

«  in 

3 

X 

M 

o 

a 

« 

u 

z 

X 

oc 

fsi 

• 

Ul  - 

X 

• 

INI  Z 

u 

z 

OC 

CL 

« 

Ui 

mm 

Ui 

mm 

in  a 

0. 

Ul 

o 

X 

a 

• 

OC 

z 

• 

Z 

O  u. 

z  - 

• 

Z 

o 

a 

4 

H 

M 

» 

pm 

» 

a  • 

z 

• 

• 

z 

I 

Ul 

4 

CN 

CN 

u. 

u 

oc 

o 

►- 

O  CL 

CD 

tn 

•  3 

• 

o 

L> 

4 

u 

• 

• 

a 

-  o 

M 

a 

o 

tt 

O 

Z 

M 

O 

CN 

cn 

a 

o 

3  tn 

tu 

O  CN 

X 

Z 

CN 

u 

• 

U 

CN 

P- 

X 

a 

X  D  U 

l< 

s 

Ul 

• 

• 

• 

z 

I 

U 

o. 

IN 

CN 

M 

• 

o 

•  I 

• 

►“ 

Ui  • 

• 

►“ 

o 

X 

M 

X 

IN  U  tt 

in 

« 

X 

a 

Cl 

CN 

a 

a 

Ul 

U 

I 

> 

i-«  oc 

oc 

Ui  a 

r** 

z 

X  a 

K 

z 

a 

QC 

N 

mm 

Ni 

mm 

tt 

Ul 

o 

•M 

o. 

o 

< 

• 

o 

Q 

UJ 

• 

♦- 

a 

z 

I 

Ul 

Z  ‘ 

X 

GC 

t-M  IM 

z 

a 

QC 

n 

a 

•iM 

pm 

p 

a 

s 

• 

X 

K 

CN 

• 

• 

O 

X 

• 

• 

o 

a  in 

O 

O  I- 

a 

.  Ui 

CN 

> 

X 

oc 

CL 

o 

4 

• 

m- 

• 

a 

-  X 

< 

• 

X 

CK 

• 

Z 

X 

X 

o 

•  • 

• 

CD  in 

to 

mm 

> 

X 

UJ 

a 

4  3  0: 

(J 

Ui 

a 

UJ  X  a 

CN 

M 

a 

• 

Ul 

tn 

M 

O 

u 

z 

z 

• 

a  CN 

a 

•  mm 

X 

. 

ISI  • 

Ul 

1 

4 

U  O 

» 

« 

UJ 

X 

Ul 

X 

a  • 

* 

s 

N 

• 

CN 

O 

c. 

I 

a 

a 

u. 

u 

X 

o  o 

w  I 

• 

rsi  a 

* 

X 

a 

U 

'  OC 

CN 

• 

X 

mm 

X 

•  Z 

« 

NN 

H- 

O 

• 

o 

a 

UJ 

CN 

a 

u. 

z 

• 

o: 

z  a 

in 

4 

N-  X 

CN 

U. 

0. 

> 

CO  • 

O 

X 

• 

mm 

> 

z  a 

3 

• 

o 

X 

a. 

• 

o 

O 

UJ 

n 

CN 

o 

CN 

Ui 

c  • 

X 

« 

-  fN 

X 

CL 

_J 

4 

z 

n 

0.  CN 

QC 

3 

• 

m 

a 

a  tt 

a 

z 

QC 

a 

M 

• 

• 

o 

u. 

CN 

CD 

tn  4 

o 

4  U. 

• 

00 

mm 

4 

. 

z 

a. 

z  o 

» 

. 

Nl 

a 

IN  a  • 

K 

• 

Ul 

»-* 

• 

< 

X 

to 

CN 

• 

• 

K 

1- 

• 

Q.  O 

• 

•  u 

4 

w 

Ui  • 

• 

3 

> 

z 

4 

z 

•  QC 

CN 

in 

^g 

M 

N 

N 

'  a 

3 

IN 

Ul 

X 

z 

a 

tn 

a 

CN 

X 

• 

» 

IN 

O  3  Z 

u. 

*-  in 

X 

CN 

Ui  £L 

O 

z 

Ui 

4 

D 

CN  - 

o 

a 

N 

mm 

3 

m 

M 

pm 

a  o 

O 

N 

a 

O 

< 

o 

» 

J 

a 

Z 

X 

X 

z 

'  Z  4 

CN 

CN  « 

• 

X 

Ul 

• 

Ul 

X  o 

CD 

CN 

a  CN 

DC 

00 

a 

Z 

• 

3 

M 

in 

hj 

mm 

p 

O  X 

• 

• 

• 

I 

o 

o 

n 

a 

o 

u. 

Z 

Z 

o 

Ul  '  u 

tt 

^  I 

d 

3 

»  X 

u 

4 

J 

0. 

CD 

s 

0. 

z  o  a 

u 

■mm. 

z 

> 

M 

••m 

M 

m* 

• 

a  X  QC 

K 

M 

4 

tf 

• 

» 

iJU 

u 

X 

CK 

ct 

u 

• 

Z  3  > 

Ui 

r  a. 

X 

4 

^  mm 

• 

1- 

1- 

a 

-J  z 

4 

Z 

'  0: 

4 

• 

'X 

• 

■— 

Ul 

mm 

pm 

• 

a 

Ui  OC 

3 

0. 

X 

»- 

• 

in 

o 

4 

C3L 

n 

a 

u 

>• 

M  Z  u. 

O 

a  • 

• 

X  • 

U 

4 

4 

4 

•J 

• 

CN  a 

U 

ID  3  Z 

Ul 

UJ 

w 

CN 

• 

in 

UJ 

UJ 

'  a 

a 

• 

X 

< 

tn 

X 

• 

• 

CN 

CN 

n 

z 

h'  -  CN  Z 

► 

•  mm 

CN 

• 

X  a 

> 

u. 

O 

4 

• 

» 

CN 

O  4 

• 

H 

z 

• 

UJ 

mm 

3 

> 

in 

> 

Ul 

mm 

a  u 

M 

z 

a 

Ul 

DC 

z 

• 

a 

L.. 

CN 

o 

•  -J  in 

4 

OC 

u-  tn 

X 

^  fN 

• 

• 

u 

> 

K 

o 

z  u 

m 

• 

3 

> 

mm 

> 

mm 

»■« 

p 

u  tt 

pj 

H- 

• 

O 

• 

z 

4 

■ 

a 

a 

• 

h- 

1- 

z 

♦ 

-J  • 

O  CN 

• 

CN 

•  fN 

• 

a 

Ui 

U 

• 

1- 

in 

Z 

•  • 

o 

u 

3  z 

• 

mm 

• 

mm 

• 

a 

tt  > 

— 1 

pj 

0. 

w 

a 

t/) 

• 

fO 

< 

in 

CN 

X 

o 

X 

• 

• 

a 

X 

tn  -oc 

• 

a 

^  I 

• 

a 

> 

►- 

> 

00 

tn 

Ui 

• 

oc 

o 

z 

• 

X 

• 

CN 

> 

tn  a 

X 

• 

p 

o 

u 

-j 

IN 

< 

DC 

o 

• 

U. 

a 

X 

z 

X 

X 

a  z 

a  3  CN 

CN 

Ui 

X  CL 

X 

00 

z  > 

X 

3 

CD 

• 

Ui 

QC 

o  o  a 

QC 

* 

m- 

X 

X 

CN 

X 

in 

X 

X 

X 

3 

a 

< 

o 

» 

CN 

O 

cr 

ex 

z 

o 

^  m  *-< 

O 

a  'X 

x^ 

-a. 

-J  o 

OC 

w 

4 

oc 

UJ 

o 

Z  QC  4 

Q. 

ti 

z 

X 

mm 

X 

mm 

X 

X 

mm 

U  tt 

3 

pj 

•j 

• 

CD 

CN 

a 

in 

X 

4 

• 

oc 

tt 

a 

W  X  \ 

X,  CO 

CN 

X 

n  Ul 

• 

• 

4 

Ui 

z 

0. 

(J 

4 

z 

mm 

pm 

mm 

tt 

1 

o 

u 

o 

t/) 

z 

o: 

• 

oc 

• 

CN 

CN 

Ct 

u 

4 

cn 

4  in  to 

a 

C“ 

00 

3 

Z  Ul 

>• 

H- 

<l“k 

^  4 

U 

3 

mm 

mm 

jmm 

10 

a 

• 

> 

< 

• 

< 

» 

CN 

o 

PI 

CN 

4 

►“4  4 

• 

4 

4  4 

4 

CD 

4 

•  mm 

Z  u 

o 

00 

o 

00  o  tn 

* 

O 

3 

00 

mm. 

o 

— k 

fV 

V 

00 

to 

CD 

z 

m 

CL 

o 

u. 

CN 

4 

1- 

UJ 

m- 

t- 

►“ 

> 

CN  ♦ 

• 

U. 

z 

CN 

0) 

r> 

in 

ro 

r** 

• 

OC 

3 

(D 

3  O 

CN 

CN 

3  3 

3 

CN 

>v. 

< 

- 

• 

tt 

< 

• 

L. 

< 

X 

►- 

O  < 

M  <  4 

mm 

4 

4  4 

4 

Z 

Z  CL 

z 

4 

CN 

. 

fN 

> 

n 

.  to 

r* 

X 

> 

3 

- 

% 

• 

• 

3  - 

CN 

< 

m 

»- 

• 

o 

(J 

o 

• 

a 

X 

• 

» 

o 

O  X 

o 

o  o 

O  p* 

o 

•  X 

-J 

• 

to 

* 

(O 

•• 

10  CO 

• 

to 

- 

• 

to 

• 

to 

• 

to 

• 

10 

• 

10 

.  ,£> 

10 

z 

X 

in 

n 

• 

1 

CN 

* 

z 

X 

X 

CL  \ 

^  \ 

X. 

> 

Pm 

K 

7> 

4 

z 

in 

W' 

ID 

m 

to 

w 

X 

in 

in 

w 

\r> 

w 

IP 

wr 

in 

in  w 

in 

< 

z 

UJ 

a 

in 

oc 

C 

oc 

z 

z  z 

z 

z  z  z 

* 

z 

z  z 

Z 

. 

tn 

Z  ^ 

CL  Z 

w 

w 

tn 

*- 

3 

w 

w 

u 

O 

• 

tx. 

z 

< 

CL 

• 

4 

o 

ex 

u 

q: 

o 

o 

o  o  o  a 

o 

o  o 

o  10  z 

• 

Z  oc 

UJ 

Ul 

UJ  w 

UJ 

4 

• 

Ul 

UJ 

Ui 

UJ 

Ul 

UJ 

UJ 

o 

z 

a 

Ui 

• 

z 

• 

u. 

• 

o 

cn 

u. 

u.  Z 

z 

Z  Z  Z  CN  z 

z  z 

z 

> 

UJ 

_i  in 

• 

Ul 

o 

o 

1- 

O 

►— 

o 

I-  o 

►- 

z  in  o 

>■ 

o 

h’ 

D  O 

> 

O  1“ 

O  1- 

D  > 

o 

z 

N 

• 

CN 

z 

CL 

o 

I 

CN 

CN 

n  z 

z 

z  z  z 

z 

z  z 

z 

• 

Z 

4  IN 

CN 

►“ 

4 

4 

mm 

4 

mm 

4 

< 

mm 

CL 

4 

mm 

< 

mm 

4 

mm 

4 

< 

mm 

4  mm 

< 

mm 

u 

a 

o 

Ul 

N 

a 

4 

u 

X 

a 

DC 

u 

•“ 

CN  o 

o 

0  0  0X0 

o  o 

o 

in 

Ul 

a 

X 

Ui 

UJ 

OC 

UJ 

OC 

UJ 

QC  UJ 

OC 

O  00  UJ 

OC 

UJ 

OC 

Ul 

OC 

UJ 

UJ 

OC 

Ul  tt 

Ul 

OC 

o 

0. 

o 

a. 

z 

o 

oc 

a 

4 

• 

• 

u. 

o 

o  u  o 

a 

o 

o  o 

u 

>04 

oc  - 

Z  UJ 

a 

Oc 

3 

OC 

a 

^  QC 

u. 

ll. 

OC 

7  OC 

9  oc 

»  oc 

9  a  2 

tt  » 

tt 

-J 

+ 

+ 

+ 

•f 

+ 

4 

4 

4 

4 

4 

4 

4 

4 

4 

•f 

tf) 


o 


(n 

CN 


o 

n 


10 

n 


C 


10 


O 

in 


in 

in 


303 


Ul 

(9 


0) 

C>l 


CN 

m 


flO 


o 


o  o  o  o  o  o  o 
n  ^  ■  - 


OOOOOQOOOOOOOOOgOOOOOOOO-OOOOOOOOf^OQCOOOOOOOOQOOOOOOOOO 

§88888888888888888888888888888 


O 

® 


z 


® 


C9 

O 


® 


<N 

o 

u 


■  S_ 

^  a  tt 


O  0. 
I 
a. 


c< 

a 


CN 

o 

^  s 

.  a  a 


II  rv 
a 
c%  o 
a  z 
z  a 
a  « 


«/> 

z 

< 

o 

< 

u 


« 

n 

^  a  •  < 

X 

CM  U.  •  < 

K 

• 

c  *  ^  • 

® 

O  •  o*  • 

(£ 

Z 

-I  ^  ft  • 

-1  CM  ft  • 

o 

UJ  ft  O  X 

Ul  ft  g  X 

\ 

® 

« 

O  X  X  « 

n 

O  I  J  <*) 

cn 

c/> 

u. 

•  ft  ft  • 

•  ft  ft  • 

ft 

• 

• 

Mr 

CM  .J  •  ^ 

r- 

UJ 

« 

« 

o  <  ^  . 

ifc. 

O  <  CM  • 

> 

11 

It 

<  •  o  ® 

• 

®  <  *  O  ® 

• 

Z 

u.  O 

<•-> 

CM 

^  ft  ui 

* 

f< 

• 

CM 

ft  Ul 

. 

tt 

u 

o  z 

C 

c 

O  U  O 

« 

* 

O 

^  o 

* 

» 

X  ft 

o 

o 

O  Ul  • 

It 

H 

u 

Ul  • 

II 

CM 

It 

o 

ft  • 

X 

X 

♦-  o 

O 

►- 

O  CM 

c 

z 

•  n 

ft 

ft 

.  .  ft 

•• 

• 

•  ft 

CM 

CM 

< 

a  Ik 

• 

» 

^  -J 

ft 

Ul  ft 

CM 

CM  -1 

ft 

Ul 

ft 

u.  o 

• 

CM 

O  ft  Ul 

< 

O 

U. 

O  ft  UJ 

< 

O  u. 

IP 

n  o  X 

o 

X  o 

X 

o  <  o 

* 

« 

* 

o 

<  o 

« 

♦ 

ft 

O  X  ft 

CJ 

CM 

cn 

CO 

I  •  • 

• 

• 

X 

• 

• 

• 

• 

UJ 

X  ft  ’ 

C5  ♦-  O 

• 

H 

• 

ft  ^  — 

K 

X 

X 

ft 

CM  CM 

X 

X 

X 

K 

ft  •  CM 

U 

• 

U 

• 

.  a  a 

n 

n 

CO 

• 

ft  ft 

CO 

n 

CO 

® 

Ul 

•  CM  U. 

K 

CM 

ft 

--  o  X 

• 

• 

• 

CM 

O  X 

• 

• 

♦ 

®  IP 

Z 

•  CN  U.  o 
CN  O  O  X 
o  X  z  a 
z  a  tt 
a 


.  o 

_  5 1 

j§“ 


a 

o 


•  ^  u.  ft  »■ 


•  ® 
CM  U. 

C 

o 
z 

ft 


O  ®  ft _ _ 

ft  ft  -J 
CL  •  <  ® 
ft  -  <  CM  >  U. 

-C4  V  O  ^  • 

CM  ft  •  ft  a 


?ik  •  <*)  I 
-  n  ft  I 


n  n 


’"Ou.o  “ft  -^ftCMft  •< 

0Z0X*“0<Mft0ft  “-^ftCM 


O  Z  ft 
ft  ft  ^ 
ft  •< 
<  cn  • 
U  O  CM 
.  o:  a 

CM  •  < 

ft  n 


^  D  n 
® 


i/)  « 

•  M 
M  ft 
ft  • 
CM  •  > 
CM  >  ft 
-D  -ft  . 

K 


< 

ft 


XttXftftXftOX 

S 

^  a 

ft  ft 

•- 

^  ^ 

ft 

ft 

CM  CM  CM  CN 

"D  X 

ft 

z 

ft  ft  o  a  o  X  K 

X 

ft 

ft  ft  O  O  ft  O  ft 

ft  O  O  ft  c 

r> 

ft 

o 

o 

^  I  ^  X  a  ^ 

a 

<  W 

< 

<  ^  o 

< 

<  <  -1  o 

® 

— ‘0-^®ttga  ♦ 

« 

®  z 

<*»■ 

«  Ul  X 

u  z 

*  UJ  I 

CO 

® 

►- 

» 

0y^(0cm^O^  -O 

• 

®  CO 

^  o 

.  o  ft 

w> 

O  CM  -Oft 

r- 

•v 

® 

CM 

< 

D 

CM  -CO 

X 

n  • 

ft  •-• 

Mr 

X  ♦  * 

ft 

n  X  ♦  ♦ 

CO 

• 

fO 

. 

M 

o 

O 

O 

O 

o 

O 

O 

O 

O 

O 

o 

O 

o 

O 

o 

O 

•ID  “®fM  “CM®  • 

® 

.  CO 

<  z 

• 

CC  .  - 

< 

z 

.  CO  •  « 

• 

® 

. 

® 

M 

d  I 

•  II 

11 

II 

i< 

II 

II 

II 

II 

II 

It 

II 

M 

h 

i< 

t1 

It 

o  o 

tr  w  ® •ID  -w® 

®  w 

Ul  M 

ID 

w  K  X 

UJ 

®  W  X  X 

® 

IP 

-w 

N  a 

0 

0 

X 

X 

X 

K 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

c  »  1 

w  w  ®  «-■  ®  L-  w 

w 

C  ft 

►-  CO  CO  o  ft 

w  *-  n  CO 

-w 

w 

< 

O  H*  M 

II  II  z 

Z 

Z 

z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

z 

Z 

Z 

Z 

Z 

II  ^  CM 

Ul  ®  w  Ul  w  <  UJ 

< 

Ul 

<  -  • 

4*1  <-  ' 

Ul 

Ul 

It 

O  ft 

N-»  CM  ft 

ft 

u. 

u. 

tt 

tt 

u. 

u. 

tt 

tt 

iu 

u. 

tt 

tt 

u. 

u. 

X  <  < 

0}-0»-0*-OZ*-XOK 

-J  ^ 

H 

S  CO  CO 

K  *  CO  CO  o 

►- 

o »- 

»- 

Ul 

K  a 

I «  tt 

ft 

tt 

tt 

u. 

u. 

u. 

u. 

tt 

tt 

tt 

tt 

u. 

u. 

u. 

u 

<  o  o  o 

O 

ft 

< 

M 

ft  •  • 

ft  •  • 

< 

< 

w« 

z 

M  l»4 

ft  CA  ® 

CM 

CO 

CM 

CO 

CM 

CO 

CN 

r> 

CM 

CO 

CM 

CO 

CM 

CO 

M  z  z  z 

II 

It 

u 

uittuiauiftMoa 

O  ®  ft 

<  < 

tt 

o 

< 

< 

ft  O  C' 

Ul  ft 

Ul 

ft 

z 

I  X 

O  ft  CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

z  <  < 

CM 

o 

ft»a»tt3au.» 

Uu 

ft  3 

U  U  9  u  u.  u. 

o 

3  u.  u  u. 

tt 

9  ft 

K 

ft  ft 

O  O  u 

U. 

U. 

XL. 

U. 

U. 

u. 

»- 

K 

►- 

K 

»- 

u* 

ft  -1  -J 

CD 

o 

U 

ft 


8  5 


< 

ft 

C9 

O 

ft 

ft 


o 

® 


® 


o 


r» 


O 

o 


tp 

® 


O 


tP 

a 


8 


IP 

C 


304 


PROGRAM  AERCLOC  74/860  0PT=1  FTN  4.8+650  09/27/89  15.21.25  PAGE 


Ui 

O 

< 

a 


in 


<N 

in 


O) 

00 


CM 


0) 

o 


o 

a 


< 

oe 

C 

o 

a 

a 


OOOOOOOOOOOOOOOQOOOOOOOOOOOOOOOOOOOCOOOOOOOOOOOOOOOOOOCOO 
inipr^ooa)0‘^wro^intf>i^oDCi>o**cMn^inioi^ooa»0^cMri^in«>r^oo(y>0’"o*en^iniDNfl5<y>0'“Csjr)ninu)i^oocy>o^ 
0D000D00000>0^a>0>0»0i0ia»a»0ioooOOOOOOO‘^‘*“^'“’“*“^^»“  —  f><«>iw<NcviCMwcN<NCNr)nc5Cjnnr5r)r3o^^ 

•'-•“'^^•■CN<MCNC^<MCSfSC<CMMCIW«<NWr^r*W<>4WC>iWC^rJPJCN<NCNOICNOiCMC<CSCNfNCMCNCNC\CNCM 

888888888888888888888888888888888888888888888888888888888 


cs  CO 

a  a 
a  a 

o 

+  *► 

o 

in 

cs 

ID 

a  a 

< 

+ 

a  a 

z 

00 

a 

a  a 

z 

♦  ^ 

<  < 

< 

^  CO 

u  u 

o 

a  a 

w 

* 

z 

>  « 

«  * 

o 

►- 

^  cs 

CO 

a 

CN  a 

a  a 

< 

4r 

*  « 

z 

V.  . 

z 

<N 

cs  cs 

a 

< 

CS  w 

^  w 

c 

♦ 

< 

• 

« 

z 

o 

^  CS 

cs  CO 

< 

s 

cs  * 

•V 

a  a  ^ 

e 

< 

a 

a.  • 


i/) 

< 


a 

.  tt 
;  + 
<N 

;  a 

)  QC 


n 

tt 


OC  I 


n 

I  n  tt 
:  tx  * 

I  I  < 

<N  ♦ 

a  a  ' 

♦  ♦  CN 
^  w 

a  a  \ 


a 

<  < 
S  K 
<  ^ 
C  UJ 
•*■  O 
^  • 
<  M 


< 

o 


o 

•7) 


X 

V) 


I 

in 

UJ 

S 

cc 

o 


in 

u> 


O 

Z 


a. 

X  a 
a  I 
u  a 


<  ^ 

»-  <  CD 
UJ  ♦ 

CD  UJ  • 
w  CD  cJ 
r  ww 

»-<  m 
tn  o 

»  u  rj 

a  ♦ 

u.  a 


I 

a 


I 

a 


o 

•j 


o 

< 


X 

a 


a 

cs 

I 

a 

N 

N 


(5 

< 


a 

a 


a 

Z 


a 

w  a  ^  ^ 

a 

a 

a 

< 

+ 

a 

a 

4 

4 

< 

< 

jt 

a 

•  <  <  cs  cs  ^ 

a 

* 

CD 

a 

u 

Cs 

a 

a 

CD 

cs  <j  ♦  ♦  ♦  a 

a 

o 

Z 

»- 

1 

cs 

a 

a 

UJ 

a 

C5 

a  <  ♦  ♦  ♦ 

O 

cs 

O 

a 

o 

a 

cs 

4 

a 

a 

CD 

CD 

Z 

O 

♦  1  ^ 

CO 

It 

II 

cs 

X 

a 

■k- 

4 

cs 

cs 

• 

> 

o 

z 

cs  fo  ^  cs  CO  a 

< 

< 

a 

a 

< 

in 

a 

a 

X 

* 

a 

a 

X 

a 

I 

a 

■  ^ 

< 

a  a  a  a  a  a  a  • 

♦- 

a 

a 

a 

a 

z 

a 

a 

Q. 

a 

a 

a 

^  1 

*  n  *  ^  aan 

a 

a 

< 

< 

a 

o 

in 

< 

a 

m 

o 

X 

li 

X 

II 

I 

X 

cs 

II  II 

in 

^co<sr<  +  +  a 

a 

a 

z 

z 

00 

M 

Z 

1 

< 

1 

• 

» 

• 

cs 

a 

in 

a 

in 

in 

ID  ID 

< 

aazaz  '•-cs* 

O 

O 

< 

< 

• 

a 

< 

I 

cs 

cs 

a 

a 

w 

a 

cs 

a 

a 

a 

in  in 

Z 

aaco 

•» 

♦ 

o 

o 

O 

< 

a 

< 

4 

♦ 

a 

a 

a 

a 

< 

o 

< 

o 

II 

z 

*^cscfoo  aaa 

cs 

ID 

IP 

a 

a 

a 

< 

4 

« 

a 

a 

cs 

cs 

• 

a 

a 

O 

K 

< 

aa*a«NNrsiaa'* 

< 

in 

in 

< 

3 

a 

a 

a 

O  O 

>-  I 

> 

X 

z 

a 

c 

lD«lDrMMNI<<< 

K 

i 

I 

a 

a 

a 

CD 

a 

C5 

o  o 

w 

a 

a 

o 

o 

o 

O 

o 

^  cs 

wcsincoin'^'v^uu  * 

a 

cs 

rvj 

N 

rsi 

a 

z 

O 

00 

O 

CO 

a 

a 

cs 

cs 

o 

C3 

o 

o 

I 

fS 

Nf 

a 

ina  -►  a  +  cso^ww< 

a 

a 

a 

rs 

TM  rsi  QD 

o 

in 

>»< 

I 

4- 

w 

w 

z  o  z  o 

I 

I 

a 

N 

ISI 

o  6 

n 

O'^CSwfO^  <  <ww<.^ 

O 

s- 

6 

w 

u 

z 

o 

z 

a 

cs 

a 

a 

< 

< 

a 

a 

a 

\ 

o 

iu  a 

Ow<^<ZZZww^ 

* 

cs 

ro 

a 

a 

cs  CO 

o 

u 

t 

4 

a 

a 

a 

a 

a 

a 

w 

a 

»• 

w 

a 

Z 

cs 

cs  a 

a 

ID 

z 

<inzinzzzzininin 

ID 

< 

< 

< 

< 

< 

>- 

« 

in 

cs 

« 

o  a 

a 

< 

< 

a 

a 

a 

a 

a 

O  a 

a 

a 

00 

6  6 

o 

*ozoz<<<oooinz 

z 

C 

6 

a 

a 

a 

a 

a 

4 

a 

m  in 

4 

4 

in 

a 

in 

in 

in 

a 

cs 

'N.. 

lDU<U<OOC}UUU 

1 

z 

z 

w 

a 

a 

a 

• 

< 

< 

o 

4 

4 

t 

o 

cs 

Z 

a 

cs 

Z 

a 

a 

O 

cs  X 

X 

SJ 

a  a 

a 

in  <  O  <  O  I>  If  n  <  <  < 

< 

< 

a 

a 

m  CD  CQ 

ID 

z 

Z 

o 

C5 

< 

a 

a 

4 

CS 

a 

CS 

a 

< 

O  X  I  CO  < 

a 

X  X  a 

a 

C- 

z  z 

< 

U  If  M  tl  If  O  O  O  N  M  H 

a 

o 

o 

Z 

Z 

II 

II 

11 

w 

M 

I 

O 

o 

II 

a 

II 

a 

II 

a 

a 

a 

a 

in  a 

ID 

w 

a 

a 

It 

II 

o  o 

1- 

csacoa^csco^csco^ 

II 

1* 

It 

o 

o 

o  o  o 

z 

z 

a 

I 

< 

a 

< 

< 

cs 

cs 

cs 

a 

II 

II 

a 

cs 

w 

a 

II 

M 

o 

o 

u  u 

3 

<co<^<<<<<<< 

cs 

ro 

u 

u 

cs  CO 

a 

a 

• 

a 

»“ 

II 

II 

00 

a 

1 1- 1 

a 

a 

o 

a 

< 

a 

a 

a 

a 

w* 

a 

Z<Z<ZZZZk»-»- 

< 

< 

< 

w 

< 

< 

< 

a 

a 

II 

II 

|i 

a 

rs 

M 

a 

a 

a 

a 

a  ^ 

c 

a 

a 

a 

O 

a 

Z 

a 

a 

z 

ZZZZZZZZ-iaai> 

a 

a 

a 

a 

a 

taM 

a 

a 

a 

a 

a 

O  a 

a 

a 

cs 

cs 

a  ^ 

cs 

a 

cs 

o  a 

M 

cs 

cs 

u 

a  a 

o 

<<<<<<<<aaa 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

O 

«•- 

lax 

a 

<  *- 

a  I  I  O  < 

a 

a 

a 

O  I  X  X 

X 

o 

u 

OOCDOOCCjCOOOCDCD 

to 

0)  00  CD  » 

a 

o 

< 

CD 

CJ 

a 

> 

> 

X 

a 

a 

u  o 

►4 

a 

a 

CD  U  C 

^  in  a 

a 

a 

a 

a 

I  OJ 

■  in 


CO 

in 


o  u  (J 


u  o  o  o  u 


to 

O 

in 

o 

in 

p 

in 

o 

in 

O 

in 

r- 

00 

00 

D> 

o 

O 

»- 

cs 

cs 

4- 

w 

cs 

CS 

cs 

cs 

cs 

306 


in 


Ui 

e 

< 

CL 


in 

in 


cn 

GO 


CJ) 

o 


OOOOOOOOOOOOOOOOOOQOOOOOOOOOCOOOOOOOCCQOOOOOC 
ojr>^inioh*ooajO'^f'inrrin<nf^o3<nO'^<^<*>^in«)f^coo'0^<Nr)vtninr^eoo>0’^cvfo^ioiO 
^^^n^^^^inininininintninintniO(n(£)ioin<n(Pic><PU>r^t^t^r^t^t^r^r*^r^t^aoooGocoaoooa 
rvcvfv«Nfv<Nfvr^CNrwc^c*cv«<Nf^f^c^<N<NC<<scN«M«c>idCMt^ojWMCNf>jc>jr4c^(NpafNweNwcNn 

888888888888888888888888888888888888888888888888888888888 


►OOOQOOOOOOOO 
r^ooCDO'^CNro^ininr^cD 
wwwu00  00tt9)0)0^0>0>0)0>c)0^ 
WCNnCNCNr*<NC>*CNCNCNCNCNCNCS 


O 

in 

10 

•f 

GO 


rt 

r« 


2 

O 

o 

2 

3 

O 

CL 

O 

tt 

< 

CL 

O 


a. 
I 
CL  a 
X  -» 

a  < 

u  I 

< 

>  < 


00  2 
W 

in  in 

o  ♦ 

u 


in 


o 

c 


a 

CN 

z 

a 


I 

in 


a 

o 


a 

C4 


I 

a 


o 

2 


X 

•a 


in 

UI 


a 
a  r 
z  a 
a  ^ 
^  < 
<  • 

< 

<  ♦- 
^  Ui 
UI  CD 
00 

m  ^ 
o  in 
u  ♦ 


I 

a 

o 


X 

a 

in 

o 

u 


o 

< 


a 

CM 


X 

a 


I 

a 

o 


I 

a 


o 

< 


a 

CM 


I 

a 


z 

a 


K 

in 


n 

r- 


a 

CM 


O  H 


a  o 

CM  tm 


z 

o 

UJ 

a 

o 

z 

D 

O 

a 

z 

o 

o 

z 

X 

o 

a 

o 

a 

< 

a 

o 


CM 

o 

OQ 

a 

a 

a 

D 

CD 

o 

O 

a 

CM 

a 

I 

a 

1 

-ft 

•ft 

a 

oc 

4- 

+ 

4- 

a 

• 

I 

o 

a 

<N 

< 

1 

a 

a 

II 

o 

a 

a 

*■ 

Z 

a 

CM 

CM 

I 

> 

ft- 

a 

a 

a 

a 

ft 

c 

a 

z 

4> 

4* 

a 

a 

CM 

CM 

a 

Z 

X 

M 

z 

a 

CN 

w 

a 

a 

X 

I 

I 

a 

M 

X 

o 

in 

in 

a 

CM 

a 

a 

in 

a 

X 

a 

CM 

a 

a 

CM 

X 

in 

u 

< 

« 

a 

a 

CD 

CD 

a 

a 

•ft 

a 

w 

I 

a 

m 

O 

n 

a 

< 

1 

* 

CM 

2 

< 

a 

< 

♦ 

m 

z 

a 

• 

n 

h- 

U 

1 

a 

a 

a  Z 

m 

< 

1 

a 

a 

o 

o 

»- 

a 

iU 

o 

a 

a 

a 

m 

d 

1 

O 

L> 

m 

a 

ftM 

r- 

C*3 

u 

CM 

u. 

a 

o 

u 

u 

K 

K  II 

11 

O 

o 

o 

O 

O 

a 

ft 

ft 

CM 

IT 

c 

a 

a 

a 

z 

• 

a 

a 

t 

• 

•  ^ 

CM 

a 

o 

a 

1 

a 

•— 

ft 

o 

CM 

. 

a 

a 

«■ 

Q 

a 

O 

CM 

a 

a 

CM  a 

a 

a 

a 

CM 

X 

a 

a 

ft 

O 

I 

ft 

a 

oc 

• 

II 

U 

O 

1 

♦ 

a 

a  a 

a 

a 

a 

a 

O 

♦ 

a 

• 

< 

< 

a 

a 

a 

II 

• 

o 

n 

o 

1 

a 

a 

a 

CM 

CM 

a 

m 

O 

1 

♦ 

a 

a 

4- 

4- 

a 

a 

CM 

• 

•ft 

u 

f- 

»- 

O 

a 

K 

a  O  O 

> 

>  I 

I 

2 

a 

1 

a 

o 

a 

o 

o 

ftM 

o 

O 

II 

a 

K 

c 

O  O 

w  a 

a 

X 

»-4 

1 

m 

> 

ft' 

C5 

X 

Ni  »— 

a 

c 

M 

T 

I 

CD  a 

a 

CM 

CM  — ' 

a 

a 

I 

CD 

ft 

w 

< 

< 

CM 

a  I 

a 

Nl 

N 

M 

N 

O 

O 

I 

Z  in 

I 

a 

•f 

w 

2  Z  O 

c 

1 

a 

X 

a 

4- 

a 

Cm 

a 

a 

ft 

o 

a  a 

O  N  M 

Nl  \ 

a 

a 

z 

D  a 

a 

w 

CM 

1- 

a 

< 

<  • 

< 

O  M- 

M 

a 

CM 

Z  a 

a 

ft 

CM  o 

4* 

a  X 

X  a 

z 

o 

a 

M  Z 

z 

* 

a 

a 

a 

a  a 

a 

a 

a 

COM 

z 

•ft 

Z 

< 

CD 

00 

a 

a 

I  • 

a 

•>4 

ftift 

a 

u  a 

a 

CM 

o 

10 

ID 

♦ 

a 

in 

o  o 

a 

< 

<  u 

a 

CM  a 

« 

m 

« 

o 

a 

a 

w 

X 

1 

a 

a  a 

a 

a 

a 

ft 

X 

CD 

• 

<  a 

o 

in 

»- 

a 

in 

m 

•ft 

« 

CM 

O 

o 

IT 

a 

< 

m 

z 

CM 

1  ^ 

a 

M 

CM 

CM  r* 

- 

a 

a 

X 

Z  O 

u 

* 

O 

•- 

-f 

1 

u 

•  ^ 

CM 

I 

2 

^  i-i 

o  u 

4 

o 

m 

a 

ft 

o 

NM 

•w 

a 

z 

a  Nft 

CM  X  X  I  X  c 

X 

ft 

< 

- 

10 

M 

« 

o 

< 

a 

a 

•f 

CN 

CM  a 

a 

a 

1 

in 

< 

••  I 

■ft 

o 

< 

4- 

4“ 

y 

m 

a 

a  X  a 

a  X  X  a 

a 

a 

a  • 

10 

. 

Z 

h- 

10 

w 

Z  a 

O  I 

11 

a 

II 

11  a 

a 

w 

II 

in 

II 

-  a  I 

o  z 

n 

a 

a 

CM 

ft 

ft 

a 

II 

a 

o  a 

II 

a  a 

a 

11 

II 

II 

II  10 

w 

X 

I 

w 

K 

a  z 

o 

< 

a 

a 

< 

< 

•• 

CM  CM 

CM 

in 

a 

a 

a 

11 

a  o 

< 

a 

a 

II 

o 

a  Z 

II 

a 

CM  II 

II 

o  o  o  o  ^ 

h- 

in 

z 

m 

UI 

< 

UI 

< 

1 

I 

II 

II 

CD  a 

a  X 

I 

00 

o 

m 

ID 

II 

< 

1 

1 

< 

CD 

a 

CD 

CD 

m 

a 

»*4 

a 

a 

I 

ftM 

ftft 

a 

a  a 

< 

• 

DC 

a 

L- 

z 

K  c 

If 

II 

N 

H 

CM 

» 

a 

a  a 

a 

<  Z  a  Z 

a 

in  o 

II 

11 

II 

a 

II 

II 

a 

II 

C5 

II 

o 

n 

a 

D  a 

a 

a 

a 

a 

a  1- 

Z  CO 

a  Z 

M 

a 

a  a 

a 

a 

a 

O  a 

a 

a 

CM 

CM  w 

W' 

W' 

O 

C 

a 

a 

a 

a 

O 

a 

a 

CM 

»• 

W' 

z 

ftft 

CM 

ftft 

CM 

»-• 

CM 

CM  i-ft 

a 

a 

L> 

a 

o 

o  a 

O 

I 

X  a 

a 

a 

O 

< 

oil 

O 

X  X  a 

> 

a 

lu  u.  O  X  Z 

u.  X  I  I  I 

X  X  CL 

O  c- 

a 

a 

O 

i^ 

< 

00 

o 

a 

> 

> 

K 

a 

a  ft-t 

ft*4 

mom 

a 

o  a 

a 

< 

00 

u 

a 

> 

K 

a 

~J  O 

^  o 

^  o 

•-* 

u  a 

a 

a 

a 

a 

a 

a 

a  9 

a 

a 

O 

O 

u 

a 


(0 


in 


in 

in 


10 

in  in 


c- 


Z 

< 

a 

o 

o 

a 

a 


o  u  o 


O 

in 

o 

in 

O 

in 

O 

ID 

O 

in 

o 

in 

CO 

fO 

in 

in 

10 

to 

N 

f^ 

00 

00 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

307 


<0 


4U 

c 

< 

Q. 


U) 

CN 


CN 


iii 

< 


< 

cc 

o 

o 

a 

a 


00 

ooooooooooooooooooooooooooooooooooooooooo 

oooooooooooooooo 

V. 

0»  O  CN  CO  ^ 

0  0 

«o>O^CNr)^00t^ 

03  ay  o 

CN  fO  V  0  0  r«* 

»  0>  O  ^  CN  fO 

4 

0  0  d  0  0) 

O  ^  CN  0  NT  0  0 

d 

©  0  O 

CN  0  4  0 

O^OOOOOOOOOO'^'^’^^^-^^ 

^  CN  CN 

CN  CN  CN  CN  CN  CN 

CN  CN  O  CO  CO  CO 

ro 

to  ro  (0  CO  0 

4  4  4  4  NT  V  ^ 

4 

4  4  0  0 

0  0  0  0 

CN 

CN  n  n  n  ro  CO 

ro 

roc*)fOforofOfoc*)d(*)f^ 

CO 

CO  fO  D  CO 

fO  C^  CO 

CO  0  CO  CO 

fo  CO  0  CO  ro 

n 

0  0  0  0  0 

0  to  0  0  CO  0  0 

0 

0  0  0  0 

0  0  0  0 

'v 

cy 

O 

888888888888888888 

o 

o 

8888888888 

O 

O 

88888 

o 

o 

8888888888888 

88888888 

UJ 

S 

UJ 

< 

M 

Z 

o 

iMvM.  O. 

UJ 

Ul 

— J 

15 

OQ 

tt 

M  ^  UJ 

UJ 

o 

1 

o  o  o 

a 

tf) 

o 

^  -1  > 

(D 

O 

z 

Ul  UJ 

d 

4 

D 

o  o  < 

4 

00 

UJ 

O 

4  4  h» 

O 

tt 

M  UJ 

d 

r 

• 

<40 

o 

1 

^ 

A 

z 

H*  W  I 

(0 

Z 

CN 

2 

^  ^ 

IT 

o 

UJ  Ul  M 

o 

0 

0.  CL  •-* 

O  0  Q. 

O 

t 

u. 

^  ^  X 

O 

Q 

W  W  CN 

d 

o 

o 

UJ  UJ  a 

♦- 

z 

Z  Ifl  I 

z 

d 

Q  Q~ 

X 

M  o  a 

o 

D 

4-  ♦  4/J 

o 

o 

0  U  M 

C5 

o 

O  ^ 

^  ^  o 

o 

CIC 

4  4  0 

tt 

o  c  u 

^  o 

UJ 

0  0  U 

UJ 

UJ  u  ^ 

CN 

m 

4  4  4 

CN 

0 

O  O  flQ 

oc 

tt 

tt 

tt 

1  1  « 

a 

UJ 

MM® 

M 

UJ 

M 

M  ^ 

CN 

> 

a  a  4 

M 

> 

M 

X 

I 

UJ 

^  -j 

X 

UJ 

< 

tt 

M  M  <  ♦ 

Q. 

tt 

Ul  UJ  a 

Q. 

tt 

d 

1 

X  X  * 

M  M  1 

Q  O  < 

M  M  1 

UJ 

M  M 

CN 

a  a  • 

a  a  ^ 

q: 

I  •  4 

0.  tt  M 

tt 

M  ® 

tt  tt 

d 

^  W  CN 

♦  *  a 

O 

M  M 

4  4  M 

O 

M  Mm  I 

4  4 

M 

Z  (/I  4 

,  •  CN 

u. 

O  O  CN 

•  M 

d 

C5 

M 

O  CN 

CN  CN  X 

U  U  I 

CM  CM  I 

^  C  tt 

CN  CN 

X 

mu* 

4  4  CL 

Z 

Ul  UJ  CN 

4  4  tt 

Z 

Ul  ^  X 

4  4 

tt 

*  *  * 

’»*■  CN  w 

C5 

Q  O  ♦ 

--  CN 

<5 

o  UJ  a 

CN 

•M 

^  ^  ^  CN 

QC  QC  4/) 

M 

4  4  4 

CN 

tt  tt  0 

M 

4  O  ^  CN 

d  d 

0 

c  c  a  4 

a  a  0 

I 

0 

M  M  M 

4 

mm® 

0 

-'44# 

M  M 

eo 

<  <  <  4 

CN  CN  < 

m 

a  a  0 

4 

M.  M.  M  < 

tt  4  4 

M^  Mm  >m  *M 

4 

III  a 

a  a  1 1  • 

UJ 

H- 

CN  CN  1 

tt 

tt  tt  X  X  > 

d 

X  tt  u  u 

u.  u.  X  X 

^  CN 

^  ^  Q.  Q.  ►- 

z 

u 

X  X  CN 

M 

M  M  Q.  a.  I. 

U 

a  I  u. 

M  M  a  tt 

k- 

^  ♦  c? 

X  X  M  n  u 

UJ 

a  a  4 

d 

X  X  II  II  uJ 

UJ 

.J  tt  tt  d 

X  X  11  II 

a  CL  «  > 

.  .  CN  • 

u. 

tt 

w  w  4 

1  MK  iM 

•  .  M  CM  • 

tt 

<  -J  CN  1  mm  MM 

•  «  ^  CN 

-J  J  CN  oc 

oc 

CN  QC  DC  ^ 

O 

tt 

Z  m*- 

CN  tt  tt 

CN  tt  tt 

tt 

■f  <  X  CM  U.  U. 

CN  d  d 

MM 

UJ  Ul  (5  « 

QC  QC  a  a 

o 

M  O  CL 

4mm 

®  ®  ^ 

o 

d  4  CL  4  ^ 

d  d 

d 

II 

o  o  <  ♦ 

H. 

♦- 

^  ^  CN  CN  a 

m 

V 

0  U  4 

4  4- 

M  M  M  M  a 

u 

d  d  w  4  d  d 

**  M  M 

M 

K 

4  4  >  oc  O  O 

>  >  1 1  a 

u 

4  4  1 

tt  o  o 

>  >  X  I 

tt  d  Z  d  O  O 

>  >-  I  X 

M 

fi. 

—  CN  ■*- 

o  o 

ww  a  Q.  CN 

M 

u. 

M  M  CM 

M  o  O 

w  tt  CL  M 

d 

CN  tt  M  m  o  O 

M^wtt  tt 

X 

O 

<  <  *  00  a  oc 

CN  CN  — ‘  I 

»- 

o 

a  0.  4 

UJ  tt  tt 

CN  CN^^  X 

O 

X  CN  0  UJ  tt  tt 

CN  CN  ' 

tt 

K  ♦  4 

Z  Z  O  O  a 

< 

4  <  4 

4  '^I'W 

z  r  o  o  Q. 

tt  I  4  4 

z  z  o  o 

1 

UJ  u;  CN 

H* 

L- 

<  <  .  .  > 

2 

z 

W'  M 

CN  4-  4- 

z 

w  tt  ^  CN  d  d 

<  4  .  . 

M 

o 

00  CD  00  * 

tt 

QC 

H  H  ^ 

Ul 

o 

4  4  0 

4  tt  tt 

d  d  d  d  M 

o 

0  w  m  4  tt  tt 

d  d  d  d 

d 

*0 

w  w  1  4 

o  o 

CK 

<  <  ^  ^  CL 

Z 

M  M  < 

♦  O  O  tt 

<  <  -J  -J  '*• 

M 

O  Z  4  4  O  O  d 

4  4  «J  ^ 

M 

00 

Z  OO  CN  QC 

V) 

♦  ♦  •  •  CN  • 

M 

o  o  » 

q:  0  0 

M 

4  4  .  .  M 

d  »• 

U  M  M  u.  0  0 

M 

♦  4  .  • 

M 

V. 

^  o  ♦  ^ 

4 

1 

u 

•  .  -  «  I  - 

< 

<  4  CN 

M  +  • 

d 

•  •  CN  I 

M 

4 

4  0  ID  M  4-  1 

d 

.  .  M  CN 

I  ^ 

V 

m  o  *  <  ot 

OC 

4 

2 

2 

R 

R 

P 

9 

i 

Z  X 

4  4  4 

O  tt  tt 

4 

CN  CN  tt  tt  tt 

1 

-  Z  X 

M  *  o  O  d  d 

4 

CN  CN  d  d 

tt  •  0 

*  ♦  ^  II 

OC 

<1  II  d.  CL  '  H  0  l< 

UJ 

M  0 

•  •  4 

II  ^  M 

tt 

II  II  ^  M  -w 

II 

0  11  M  0 

C  X  «  ^ 

d 

|f  1,  ^ 

MM  H  0  l< 

-j  a  oc 

< 

< 

CN  CN  CN  0  a  tt 

m 

S  Ul 

CN  CN  ^ 

tt  o  o 

M 

M  CN  M  M  0  tt 

tt  Z  UJ 

4  15  tt  d  O  O 

M 

M  CN  M  M 

0  d  d 

0  00  w  <  ^ 

II 

If 

fflOCOCXXffl^O-^ 

a 

tt  z 

»  »  -J 

II  II 

UJ 

OC  CC  X  X  B) 

M 

O  ^  tt  Z 

1  <  •  M  11  It 

Ul 

u.  u.  X  X 

®  M  O 

il  II  II  4  H 

CN 

II 

cLCLaa<z»-z 

Ui 

Ui 

II  It  II 

d  CN 

II 

M  M  tt  tt  4  Z 

d  Z  UJ 

H  II  il  K  ^  CN 

M 

M  M  a  tt 

4  Z  d  Z 

OC  OC  Oc  •  O  QC  oc 

oc 

CN  CN  ww  W  (0  o 

> 

tt 

tt  tt  tt 

O  tt  tt 

tt 

M  M  Wc  Mmic 

o 

15  d  tt 

d  d  d  O  d  d 

d 

M  M  W  MM 

w  O  15 

u 

CN  O 

XXu.du.MOM 

UJ 

UJ  O 

M  M  M 

o  ^  ^ 

M 

X  X  d  d  d 

0  O  0  UJ  O 

M  M  M  O  M  M 

M 

X  X  d  d 

d  0  O  0 

o 

<  0  O  OC 

> 

> 

K 

CLaMMi-i0O0 

tt 

O  d 

O  UJ  d 

a  >  > 

X 

tt  tt  M  M  M 

tt  O  tt  O  d 

O  UJ  d  tt  >  > 

X 

tt  tt  l-«  ^ 

tM  tt  15  tt 

o 

0 

0 

O 

CN 

CL 

0 

0 

0 

0 

0 

u  a  u  u  o 


u  L>  o  u 


o 

0 

o 

0 

o 

0 

o 

0 

o 

0 

o 

Oi 

a> 

o 

o 

M 

M 

CN 

CN 

0 

0 

4 

CN 

0 

n 

0 

0 

0 

0 

0 

0 

0 

0 

308 


UJ 

O 

< 

a 


IT) 

CN 

tr> 


O' 

00 


9 

O 


OOOOOOOOOOOOOOQOOOOOOOOOOOOOOOOOOOOOOOOOOOOOQOOOOOOOOOOOC 

®r-coo>0^cxw^in<or^ooo»0'^MP)^iniOr^flOO»0^<NfoviDtDr-ooO'0'“C^r^^tf'<©i^®o»o^«co^inior^o)<rO'*-<N 

ir>ininin®®®®®®®®®®r^(^r^r^r^r^r^r->r^r^®®®®®ttO®®®0>0'0'0>0'0'0'0'cno>OOOOOOOOOO'*-^'*' 

wr>wco<*)cnfO(*)p)wwDCoowfODoooD(*)c*)Of*>DC')t*)foc*>foroc*)Ofor>(*)c*)t*)WP)r5®D^^^^^^^vtt^^v^ 

888888888888888888888888888888888888888888888888888888888 


CN 

K 

►- 

CN 

CN 

UJ 

Z 

I 

I 

Q, 

a. 

3 

• 

• 

UJ 

o 

CN 

tt 

K 

K 

® 

</> 

K 

■f 

< 

tt 

I 

I 

P. 

a 

U. 

CN 

> 

• 

1 

CN  Cl 

Nl 

IN 

Z 

a  X 

z 

^  CN 

N 

M 

o 

X  CL 

K 

<N  0. 

• 

• 

1 

a  •J 

u. 

a  T 

CN 

CN 

^  < 

X  a 

O 

O 

z 

<  + 

<N 

a  ^ 

«J 

D 

4  CN 

-1  < 

UJ 

UJ 

O 

O 

CN  < 

I 

<  + 

O 

O 

tt 

<  H* 

1/1 

4-  M 

r- 

K  Ui 

ui 

CN  <  CN 

CN 

CN  — ^ 

u. 

o 

Ui  0 

Z 

<  K  ffi 

D 

ffi  « 

» 

tt 

®  ^ 

K  lU  * 

• 

•  M 

« 

< 

^  Z 

CN 

I 

1/) 

UJ 

Z 

tt 

o 


to 


I/) 

•>4 

I 

a 


o 

o 


o 

z 

< 

CN 

ki* 

X 

a 


tt 

Uf 

0  • 

CN 

CN 

It 

0 

M 

li. 

o 

0 

w  CN 

O 

0 

X 

tt 

O 

0 

I 

D 

u. 

l/k  'w' 

< 

< 

vy 

O 

o 

0 

4 

tt 

CN 

z 

O  ^ 

« 

• 

UI 

K 

u. 

4 

CN 

1 

0 

in 

M 

y  ^ 

M  M 

CN 

CN 

Z 

in 

CN 

0 

I-4 

CN 

Ui 

X 

UJ 

m 

It  CN 

tt  tt 

tt 

tt 

M 

tt 

0 

4 

tt 

tt 

U. 

3 

tf* 

u 

* 

CN  « 

♦  * 

U 

U. 

I 

I 

o 

t 

4 

4 

0 

w 

O 

CN 

tt  « 

• 

• 

1- 

tt 

u 

CN 

k4 

< 

z 

z 

tt 

U  CN 

CN  CN 

CM 

CN 

* 

CN 

tt 

CN 

CN 

X 

> 

< 

U 

4  tt 

4  4 

< 

< 

* 

z 

tt 

X 

4 

4 

tt 

tt 

4 

— K  it 

CN 

►- 

►- 

K 

0 

X 

tt 

CN 

w 

UJ 

o 

z 

CN  1  CN 

H  1- 

Uf 

Ui 

O 

in 

tt 

_J 

CN 

U 

U. 

0 

•J 

u 

o 

CN 

tt  CN  > 

®  in  0 

0 

Z 

• 

in 

•J 

< 

4 

0 

0 

0 

0 

•ii>4 

tt 

I  ♦  ♦ 

• 

• 

o 

CO 

< 

4 

« 

< 

k4 

tn 

J- 

X 

tt  ♦  >- 

• 

I  I  Oi 

CN 

tt 

o  • 

K 

4 

CN 

u 

u 

u 

z 

z 

0 

Z 

tt 

«J  CN  CN 

CN  CN  tt  tt 

tt 

tt 

» 

0 

CN 

0 

CN 

CN 

CN 

tt 

tt 

h~ 

0 

o 

tn 

-J 

<  0  U 

K  K  II  II 

I 

X 

0 

0  U 

UJ 

0 

-i 

0 

X 

X 

H 

II 

o 

Z 

< 

4  11^ 

-  •  ^  CN  tt 

0 

tt 

0 

•-«  • 

tt 

Ui 

t 

• 

• 

CN 

tt 

K 

< 

4 

CN  CN  CN  ►- 

K 

CN  K  ♦- 

X  ► 

tt 

UI 

O 

CN  U. 

Ik 

CN 

Ik 

U 

< 

tt 

CN 

<  «  ♦  CN 

CN 

K  ►-  ®  in  < 

O 

< 

o 

tt  N 

O 

O 

4 

4  CN 

CN 

u. 

U 

0 

0 

K 

It 

>- 

►- 

< 

♦  H- 

H- 

CN  CN  M  M 

•> 

1- 

• 

♦- 

0 

* 

0 

4 

K 

4  H" 

♦- 

CN 

CN 

k4 

0 

0 

►- 

D 

UJ  CN  O  O 

>  >  I  I  CN 

CN 

z 

o  o 

K 

CN 

u  O  O 

> 

> 

z 

X 

Ui 

0. 

0. 

u. 

UJ 

0  O  CN  O  O 

w  w  tt  tt 

C5 

O 

o 

o 

M 

t-  h- 

u. 

CN 

1-4 

CN  O 

o 

tt 

tt 

I 

t-« 

o 

Z 

O 

0 

w  o  0  tt 

tt 

CN  CN 

O 

o 

O 

o 

I 

?M  Nl  CN  CN 

O 

X 

0  tt 

tt 

CN 

CN 

tt 

o 

Z  I  4  ^ 

Z  Z  O  O  X 

X 

»- 

M  Ni  »M  M 

X 

tt 

4  w 

w 

z 

z 

o 

o 

1 

oc 

z 

tn 

tt  CN  H- 

h- 

<  <  .  . 

tt 

CN 

tt 

CN 

Ui 

I  X 

z 

tt 

CN  ►- 

»- 

< 

< 

< 

o 

o 

o 

®  t  «  tt 

tt 

K  K  ♦- 

w 

tt 

tt 

z 

CN 

CN 

H-  1-  tt  tt 

o 

w 

z 

*  tt 

tt 

H 

»- 

»- 

♦- 

U 

Ui 

® 

> 

u 

♦  CN  ♦  O  O  K 

<  <  -1  -J 

CN 

u. 

I- 

I- 

CN 

u. 

o 

1- 

CN  in  ♦ 

0 

Ni4 

4  0  0 

u 

< 

< 

«J 

— 1 

0 

o 

tt 

y~ 

« 

CN  *  U-  (/) 

(N 

in 

CN 

in 

in 

CN 

in 

CN 

t/) 

M  l-«  CO  » 

►-  CN 

o 

0 

U  0 

0 

CN 

4 

o 

< 

< 

CN 

<5  ♦  CN  4 

1 

U 

•  •  CN  Z 

H- 

Z 

1- 

r- 

O 

I  I  N  X 

< 

0 

4 

CN 

CN  4 

1 

0 

CN 

X 

z 

z 

Z 

o 

O  CN  <  H- 

K 

4 

CN  CN  H  H 

< 

O  X  X  0  < 

• 

X  X 

tt  tt  '0 

Z  X 

« 

CN  0  <  U 

U 

4 

CN 

CN 

ik 

u. 

tt 

i 

O 

< 

M 

o 

X  O  II  CN 

CN 

H 

II  II  m  in  tt 

tt 

tt 

0 

tt 

0 

w' 

tt 

tt 

II  M  0 

0 

CN 

0 

O 

II  CN 

CN 

U 

II 

II 

0 

0 

w 

K 

0 

II 

z 

z 

z 

tt  <  »•  < 

< 

<N 

»-  CN  ^  « 

♦- 

If 

II 

h- 

CN 

1-- 

II 

If 

o  o  ^ 

Z  UI 

0 

<  X 

U  < 

< 

CN 

CN 

M 

0  U. 

u 

tt 

tt 

1  w  CN  H 

II 

O  K  H  I  I 

CN 

>- 

O 

CN  UI 

< 

♦“ 

1- 

t-  »-  Ui  < 

tt  z 

< 

1 

tt 

CN  II 

It 

0 

U. 

U 

X 

X 

0  CN 

O 

CN 

0 

UI 

tl 

n  II  1-  ^ 

CN 

H 

in  ®  tt  tt 

O  CN 

in 

h- 

o  >- 

tt 

z 

CN 

t/> 

CN  0  K  Z 

Ui 

II 

tl 

II 

I-  ■*- 

CN 

II 

0 

0 

tt 

tt 

<  z  ♦- 

z 

Ui 

UJ 

^- 

>- 

h*  h-  O  ►“ 

I- 

»- 

^  w  w 

*ii4 

CN 

O 

tt 

M  M  M  tt 

K  tt 

u 

u 

lu  O  u 

U. 

U 

NN 

»M 

w 

0 

0 

K 

U 

tt 

UJ 

CN 

CN  CN  O  CN 

CN  CN  Z  X  U  U. 

< 

CN 

u  X  X  O  < 

CN  U. 

tt  ♦- 

o 

I  I  I  I  DC  o 

Ui  O 

CN 

CN  CN 

O  CN  CN  CN  z 

z 

u. 

ik 

u 

M 

o 

< 

o 

tt 

O 

< 

0  O  tt  > 

> 

X  tt  tt  I-H 

L>  O 

tt  tt  O  0  o 

^  0  U. 

tt 

tt 

tt  tt  3  U 

O  u 

< 

0  0  tt  > 

> 

X 

tt 

tt 

0  0 

0 

o» 

o 

Q 


U 

a 

UJ 


r> 


V  CN  in  ®  w 

®  ®  IP 


® 

®  ® 


Z 

< 

o: 

C5 

O 

a 

a 


o  o  (J  u  u 


o  o  y  o 


u  u  t; 


0 

o 

0 

o 

0 

o 

0 

o 

0 

(■ 

0 

0 

0 

® 

0 

r* 

n 

o 

%T; 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

n 

0 

309 


00 


oooooooQooooooooogoooooooooooooooooooocoooooooooooooooooo 


c4MC4MCNOiCMcsc4CM(n®®r)r)®nconr)^9n^^^vn5r^ir>ir>inintntf)tninin®®®®®®®®®®® 


8888888888888888888888888888888888 


8888888888888888888888888888888 


Cl 

CM 

UJ 

A 

Ui 

o  c* 

S 

CM 

Z 

I 

X 

< 

*i<^ 

UJ  w 

a 

a 

(5 

1- 

o  o 

o 

o 

UJ 

UJ 

UJ 

t  « 

4 

4 

a 

tt 

ft 

CM  CM 

o 

CM 

CM 

1 

<  < 

in 

*H 

o 

CM 

D 

1-  1- 

I 

X 

z 

O 

Z 

UJ  UJ 

+ 

a 

a 

X 

O 

O  0 

m 

w' 

o 

UJ 

o 

'W  w 

tn 

z 

tt 

D 

ft 

Z  CO 

^  Ci 

o 

•H 

1 

4 

1 

M  O 

M  Ou 

u 

CO 

z 

z 

CO  L) 

z 

&  ^ 

«' 

« 

o 

CM  CM  CM 

o 

4  4 

♦- 

X  a 

CM 

CM 

* 

1 

ft  ft  M 

1 

CM  CM 

u. 

a.  «J 

o 

<5 

X 

D 

-J  -1  I 

o 

o 

0  0 

«j  < 

< 

< 

in 

z 

UJ  UI  ^ 

H 

z 

4  * 

<  4^ 

1 

1 

• 

X 

O  D 

D 

CM  CM 

4 

« 

o 

1  *  CO 

o 

o 

fS  < 

CM 

CM 

oc 

CM  CM  O 

s 

ft 

<  »- 

a 

a 

a. 

N 

<  <  U 

^  U1 

« 

W 

o 

K  K  ♦ 

Ui 

«■ 

Ui  OD 

UJ 

UJ 

< 

• 

QC 

UJ  UI  CM 

CM 

CO 

n 

o 

O 

CM 

4 

< 

CO  CD  0 

ft 

ft 

1  1 

^  z 

4 

4 

4 

O  tf 

4 

CO 

UJ 

V)  M. 

V) 

CO 

iL. 

oc 

Z  CO  CM 

M 

> 

CM  CM 

o  m 

ftM 

iu 

CO  O 

o 

4..  O  O 

X 

c^ 

c  o 

O  4 

I 

X 

CO 

►4  »*4 

14 

to  u  < 

& 

ft 

-J  -J 

♦  CN 

a 

a 

»*4 

I  CO  CO 

4  4* 

•-•  l>4  I 

UI  UJ 

M  ffi 

o 

o 

X 

ft.  (M  . 

a 

CM  CM  • 

a  a  •-* 

ft 

O  O 

ffi  4 

1 

1 

a 

•X  r- 

o 

0  0  CM 

4  *  lO 

O 

t  1 

1 

u. 

u. 

II 

o  a  u. 

u. 

1  1  1 

•  M 

u 

CM  CM 

^  CS 

1/1 

CO 

u. 

U.  4  • 

^  *  CM 

CM  CM  I 

Cl  cl 

CM  a 

M 

u 

CM  -  4 

z 

CM 

CM  ♦ 

+  +  a 

Z 

0  0 

0.  X 

X 

X 

CO 

44  X  H 

o 

a 

a  * 

CM  W 

CM 

0 

a  a 

X  o. 

CM 

<*• 

a 

a 

44 

X  in 

44 

-J  CM 

CN 

ft  ft  lO 

44 

O  O 

a  ^ 

4 

44 

w 

X 

a  -o 

0 

a 

a  ^ 

♦ 

to  lO  0 

X 

0 

•P  -p 

u  < 

4 

CM 

CO 

z 

a 

'  CO  a 

o  a  > 

1*4  44  44  < 

0 

44  44 

<  4 

u. 

♦- 

o 

4M 

o  •  CO 

♦- 

1 

•  CM 

ft 

ft  ft  1 1  • 

a 

P- 

0  0 

Q 

4  CM 

CM  O 

^  u 

CO 

o 

44  r-.  M 

u 

CM 

CM  * 

CM 

CM  CM  a  a  p-» 

S 

0 

44  44 

o 

CM  O 

u 

o 

U  4 

4 

CM 

r* 

g 

CO  a  X 

a 

o 

O  * 

V 

X  X  II  >10 

a 

X  X 

0  ^ 

1 

ft 

CM  CM 

CM 

4 

o 

44  -  ft 

ft 

-J 

a  CM 

I 

.  •  4-  CM  • 

a 

ft 

a  a 

^  UI 

CM 

w 

X  a 

a 

♦ 

O 

I  4  ♦ 

ft 

a 

a  0 

CM 

ft  ft 

CM  ft  ft 

O 

ft 

44  W 

Ui  O 

4 

►- 

•  < 

< 

CM 

♦- 

ft  It  • 

O 

O 

O  -p 

« 

CM  CM 

ft  ft  0  to 

o 

Z  0 

II 

O  4 

4 

ft 

U  4 

4 

> 

CO 

»  X 

0 

+ 

+  CM 

♦ 

P-  I- 

CM  CM  1^  44  ft 

0 

u 

4*  O 

♦- 

4  CM 

44 

o 

CM  ‘— 

O 

O  CM 

44 

O  Q  0 

44 

44  « 

ft 

o  o 

>  >  X  I  0 

o 

0  u 

D. 

1 

CM  44 

CM 

CO 

>  CM 

CM 

4 

o 

•4 

I 

M  44  44  . 

a 

CM 

CM  * 

CM  O  O 

ww  a  a  44 

44 

a 

*  * 

O 

tr  ^ 

0 

4 

w  < 

< 

CN 

44 

X  a 

»M  PM 

PM  CM  CM  to 

o 

44 

CM 

0 

ft  ft 

CM  CM  I 

p- 

O 

CM  CM 

X  a 

4 

u 

CM  K 

4 

o 

a 

a  o 

rsl  fM  fSi  '“S.  44  4-  . 

I 

I  0 

+ 

w 

Z  Z  o  O  a 

< 

0  C 

1  |SJ 

ft 

CM 

CM 

Z  UJ 

4iJ 

4 

CM 

CO  O 

1 

w  a  X  X 

z 

a 

a  < 

CM 

P-  K 

<  <  •  •  ' 

z 

z 

<  < 

O 

O 

W  Z 

4 

z 

<  0 

0 

CM  ^  UJ 

U  44 

4 

a 

4^ 

44 

a  a  a  a  a 

o 

w* 

W  M’ 

* 

ft  ft 

P-P-P-K4- 

a 

o 

*  * 

0 

K  4 

0  •-• 

4 

c  u 

w* 

X 

1 

CO  X 

a 

a 

CM  CO  CM 

CO  *  * 

44 

Z  0  CM 

* 

O  O  ft 

<<000 

Z 

44 

CM  CM 

® 

CM  CM  O  CO 

44 

44 

CM 

<  CO 

z 

CM 

CM 

4H  ft 

CM 

CO 

44 

44 

44 

44  ^  «•  ♦ 

►- 

44 

O  ♦ 

ft 

0  0 

CM 

4  «  .  .  44 

M 

0  CM 

a  a 

1-^  o  U  ♦ 

CM 

CM  to  U 

♦  o 

4^ 

w 

CM 

I  I 

4>l 

44 

1 1 1  :c  t'  X  II 

<  CM 

0 

u  * 

CM 

•f  1 

u 

•  •  CM  I 

< 

<  < 

I  « 

4  CM  C 

< 

4 

4 

•  u 

CO 

>- 

-1 

UI 

I  a  K 

I  I 

a 

a 

a 

ft  -  0 

z 

4 

*  CM 

44. 

< 

ft  ft 

+ 

CM  CM  ft  ft  a 

1 

CM 

4* 

Z  X 

*  4 

a  X  CM  c  o 

II 

44 

44 

CM  4 

4 

ft 

II 

UI  D  a 

l>  CO 

a 

a 

fi 

II 

H 

II  0  w  o 

I 

CM 

CM  a 

CM 

II 

CM  CM 

ft 

II  H  to  0  '»' 

II 

® 

II 

a 

44  0 

if  a 

O  <  X  t4 

CM 

CM 

II  CM 

CM 

4^ 

O  CM  ^  Z 

II 

U  4N 

II 

II 

O  O  O  O  ^  u- 

S  0 

o 

0  < 

a 

ft 

<  < 

CM 

4>  OJ  M  44  iO  ft 

ft 

0 

Z  a 

CM  (M 

CM  H 

<  ' 

ft 

CM 

< 

0  U.  0 

CM  0 

CM 

CO 

•J 

4U 

4M 

u  u  X 

M 

44 

44 

44 

a 

a  UI  <  CM 

ft  w 

< 

<  w 

< 

CM 

II  II 

0ftaXX0CMOCM 

ft 

ft  Z 

1  1 

O  CM 

n  H 

II 

K 

H 

II 

CO  II 

o 

H 

<D 

II 

UI  O  »- 

CM 

CO  a 

CM 

CO 

CM 

CO  CM  CO  K  s  44 

UI  Z 

(1 

II  II 

♦ 

h- 

CM 

11 

0  0  a  a  <  z 

P- 

z 

a 

a 

II  II 

44  4>4 

u,  u. 

14. 

O  u 

44 

CM 

CM 

CM 

.1 

Z 

44 

4rt  W 

44 

44 

44 

44 

-  -  a  I 

a 

ft 

ft  ft 

O  ft  ft 

ft 

44  44  'M*'  ^44 

0 

0 

> 

»>  ft 

ft  ft 

u 

X  X  CM  CM  CM  O 

CM 

CM  I  X 

UJ 

>■ 

4U^UIUOXXU 

xrxxxxftoa 

a  a 

CM 

CMCMCMOCMCMCMlIaaa 

44 

o 

44 

a 

a  O 

CM  CM 

o 

ft  ft 

<  0 

O  ft 

> 

X 

a  -t  o 

-I  o  ^  o  o 

a 

a  44 

a 

a 

a 

a 

a 

a  9  a  « 

O  O 

< 

0  0 

•44 

ft 

>  > 

X 

a  a  44  44  44 

0  0  0 

ft 

O  a 

Q  a 

u  o  o  u  o  u 


o 

0 

o 

0 

o 

0 

o 

0 

o 

*4 

CM 

CM 

(0 

W 

<• 

<• 

0 

<• 

< 

<• 

<■ 

< 

310 


UJ 

C5 

< 

CL 


IP 

a 


(T 

CO 


r- 


a> 

O 


8000000000QOOOOOOOOOQOOOOOOOOOQOOOOOOOOOQOOOOCOOOOOOOOOOO 
••«NwviP<0f^a<7>O'^«Nnvip«>f**flD0JO'^fvr>5riptDf^c00>Q^rjr)viPtf)r-‘000>O*“fNr>^iPtDr‘00o>c^cNr)^iP<p 
f^r^h«‘t^r^t^r'r^f^h'COCOcn®oDOOOo<D®<»<JiO<J‘0>o»OiO>o>o>o^OOOOOOOOOO*“*"*“^*“'''^'^'^*"«Nc>jcNOjCNfNr4 
n^^’T^rn^^^^^nn^^^^n^^^^^^^^vv'U'^iPiniPtPiPiPiPiPipiPiDiPiPiPiPiPinipiPininininiPininin 

888888888888888888888888888888888888888888888888888888888 


O 

IP 

(P 


Pi 

< 


00 


PI 

a 


X 

a 

IP 

o 

u 

« 

PI 

0 

* 

PI 

a 

< 


tt 

Pi 

X 

a 

* 

-  p) 
X  ® 
n 
•  o 


PI  o 
o 


PI 

tt 

PI 


a  X 
PI  a 
-  ^  « 
PI  PI  ax*-* 


a  a 


z 

C3 

ui 

tt 


2 

O 

t 

o 

2 

D 

O 

a 


<p 

q: 

UJ 

> 

UJ 

a 

tt 

o 


IP 

w 


o 


X 

a 


« ' 
O  ' 


^  fv 
a  a  u. 

*  ♦  PI 
CM  PI  I 


CN 

O 


o 

o 

6 

ip 


CM 

+ 

+ 

CM 

a 

CM 

2 

Ui 

a 

.  -f 

•t- 

a 

« 

CM 

M 

♦ 

M 

O 

O 

a 

X 

CM 

« 

PI 

u 

oc 

X 

. 

X 

1 

O 

a 

PI 

a 

a 

in 

a 

CM 

¥ 

CM 

CM 

a 

X 

a 

in 

CM 

1 

♦ 

CM 

CM 

QD 

O 

OO 

♦ 

kii4 

» 

p) 

a 

CM 

< 

♦ 

M 

M 

< 

a 

a 

a  a  X 

X 

• 

>- 

I 

a 

1 

a 

a  a  X 

I 

CM 

CM  CM  0. 

a 

or 

•c- 

h~ 

a 

I 

a 

CM 

CM  CM  a 

a 

a 

I 

« 

U. 

X  X 

N 

II 

CM 

UJ 

•j 

a 

a 

a 

X  X  II 

11 

a 

‘4^ 

1  ^ 

•  • 

CM 

CM 

a 

< 

a 

in 

1 

•  •  ^ 

CM 

CM 

CM  a  a 

CM  a 

a 

X 

q: 

• 

< 

CM 

a  a 

•-  CM  a 

a 

< 

o 

a 

«  PI  CM 

a  cc 

CM 

CM 

a 

UJ 

o 

u. 

f 

X 

♦ 

CM  CM 

a  a  CM 

CM 

a 

a 

a 

2 

II 

< 

♦  f-  H- 

CM  CM 

•«4 

M 

* 

• 

a 

a 

a 

a 

« 

1-  »- 

CM  CM 

CM 

a 

CM 

in 

< 

H* 

i 

tt  o  o 

>  >- 1 

X 

« 

CM 

in 

a 

S.v' 

a 

o  o 

>  >  I 

I 

3 

a  X 

m  (-1 

£L 

CM  PI  O  O 

a 

a 

CM 

II 

u. 

in 

z 

CM 

o  o 

w  a 

a 

I 

CM 

a 

I 

O 

« 

UJ  a  a 

CM  CM 

M 

X 

O 

X 

Ui 

CC  QC 

CM  CM 

a 

X 

+ 

X  a 

d 

* 

^  W  ««r 

2  Z 

o 

O 

X 

a 

a 

I 

in 

+ 

W 

r  z  o 

O 

1 

a 

a 

a 

-+ 

M 

2 

C*) 

PI 

CM 

<  < 

a 

CM 

1 

2 

a 

♦ 

CM 

K  »- 

<  <  ' 

09 

1 

a 

1 

CM 

IM 

O 

g 

O 

o 

*  u  a 

h- 

K 

M 

O 

in 

CM 

L 

oc  oc 

»-  K  I- 

a 

a 

Z 

a 

a 

a 

a  Z 

♦ 

a 

6 

a 

(P 

< 

*  o  o  a  <  < 

mJ 

iO  X 

CM 

O 

z 

00 

♦ 

o  o 

a 

<  <  ^ 

.j 

CM 

3 

a 

a 

a  a 

o 

a 

I  o 

09 

® 

1 

(p  (/) 

CM 

i£>  a 

»-< 

♦-  CM 

u 

•-< 

+ 

a 

in  in  CM 

*  * 

a 

a 

o  in 

-*  I  ■ 

o 

O 

o 

5 

5 

IP 

CM 

CM  ^  1 

CM 

X 

< 

♦ 

in 

CM 

CM 

+  I 

a 

•  ^ 

Pi 

CM 

♦ 

o  a  n 

I 

z 

a 

a 

ooc  oc 

•f 

CM  CM 

a 

a 

• 

a  * 

Z  X 

p 

« 

C 

O 

a  a 

+ 

CM  CM  a 

a 

a 

» 

IP 

a 

X 

X 

«  a  M 

ir 

a 

c 

II 

II 

II 

ii 

O 

• 

P- 

# 

II  CM  CM  a 

II  II 

CM 

CM 

W' 

w  H  ® 

11 

M  in 

o 

CM 

o 

II 

CM  CM 

a 

II  fi  CM 

CM 

li 

to 

11 

o 

a 

3  a 

PM  < 

It 

11 

o 

a 

IP 

Pi  a  o  o  PM 

CM 

»- 

in  a 

q: 

Z  UJ 

< 

O 

X 

a 

O  O  CM 

CM 

M 

in  a 

a 

a 

11 

II 

11 

3  II  CM 

^  CM  II 

a 

D 

CM 

<»« 

CM  n  B 

UJ 

tt  a 

X 

X 

UJ 

< 

m  CM  o 

PI 

a  Z 

1 

a 

CM 

II  II 

a 

a  a  X 

I 

00  CM 

o 

CM 

a 

CM 

i\  a 

w  II  PI 

CM 

a 

'W 

'W' 

W’ 

I 

a 

II 

CM 

II 

CM  CM 

a 

a 

K  Z 

<2^-2 

UJ 

II 

II 

II 

K 

«»-  CM 

II 

CM  CM  a 

a 

<  Z  a  Z 

< 

a 

CM 

a 

in  X  ►- 

z  z 

a 

a 

a 

a 

a 

tt  o  a  tt  a 

’^0’ 

a 

w  o 

o 

t~  a 

a 

a 

a 

o 

a  a 

a 

w 

09 

09 

a 

a 

a 

»-•  a  z  z 

3 

Z  Z  X  X 

CJ 

CM  O  CM  CM  CM  I  X 

u. 

u. 

cc 

o 

u.  (/)  O 

in 

Ui  O 

CM 

CM 

CM 

o 

CM  CM  CM  X  I  a 

a 

a 

in  o 

in 

< 

M 

I 

X-lttttOOXX 

o 

a 

a 

a 

a 

a 

a 

o 

a  >  >  X 

a  fi. 

31  u. 

M  a  V  a 

O  u. 

O 

a 

a 

tt 

>  > 

X 

a  a  *-< 

M 

a  09  a 

o 

o  a 

o  a  <  a 

a  2  z  a 

a 

u 

a 

a 

o  o 

»«4 

9 

o 

a 


(P 

(p 

(P 


(0 

o 


« 


in 

® 


® 


< 

ql 

o 

o 

a 

a 


o 

IP 

o 

IP 

O 

tP 

o 

IP 

Q 

IP 

O 

IP 

to 

a 

a 

to 

to 

<T» 

cn 

O 

o 

MT 

V 

Mt 

< 

MJ- 

in 

to 

IP 

311 


PROGRAM  AERCLOC  74/860  0PT=1  FTN  4.8+650  09/27/89  15.21.25  PAGE 


o 


888888888888888888888888888888888888888888888888888888888 


D 

n 

a 

a 

O 

3 

a 

o 

• 

o 

O 

< 

M-  QO 

H 

a 

• 

4 

V 

d 

a 

MM 

o  o 

a 

O 

in 

a 

in 

a  a 

• 

o 

V 

a 

a 

a 

o  o 

_i 

z 

• 

z 

C3  O 

X 

o 

d 

a 

a  (p 

MM 

MM 

<0 

_j  ^ 

in 

.*1. 

*  (0 

K 

X 

z  ^ 

V 

a 

M-  O 

d  d 

MM 

< 

a 

4 

O 

.  H- 

•  '  4 

o  o 

a 

a 

CM 

MM 

a  I-  a 

Z  K 

»- 

a 

Z 

MM 

z  o 

10 

O  -J  r*  Z 

a 

• 

MM 

O 

Z 

w 

I 

MM  C5 

a 

Z 

MM  O 

X 

MM 

♦  M 

♦  CM 

a 

o 

w 

a  a  o  ^ 

rw 

*  rg 

X  o 

a 

X 

M  ISJ 

N  N 

z 

z 

O  O  a  N 

N 

N  M 

a  ^ 

a 

fS)  ♦ 

M  * 

o 

•  o 

MM 

■  •  ?SJ 

« 

o  o 

a 

«  <  IM 

♦  < 

z 

X  a 

lO 

O  O  O  > 

< 

♦  < 

•  ►- 

o 

d 

<  ON 

<  Q 

< 

O  3 

« 

z  z  o  < 

o 

<  O 

^  3 

tn  z 

a  OQ  « 

♦-  <D 

‘  C> 

u 

<  <  a 

IS 

a  OD 

I  U 

a 

< 

^  Z  < 

-1  Z 

X  ^ 

1 

.  .  J 

z 

-1  Z 

a 

c; 

o 

a  <  o 

a  < 

d 

•  X 

.  .  .  Uj 

< 

a  < 

•  I 

z 

a 

O  N  U  OC 

O  N  ^ 

n 

a  a 

O  O  O  O  N  -I 

O  CM  ^ 

h-  a 

< 

rsj  o 

4  N  1  Z 

•  M  4 

M- 

z  • 

^  N 

IP  (0  (p  1 

rsi  4 

4  N  1 

z  • 

a 

O  M  c*J 

M-S  ta.  < 

MM 

5  t 

a  a 

w  fM 

V-  ^  . 

MM 

^  \  MM 

*  ^  a  -J  X 
.  W  .  U  I 


I  ^  M  M  ^ 

X  </>  V)  ^ 
a  a  a  < 


•  I  u 

I  c.  u 

in  II  a 

—  11  V)  II  Q. 

o  a  a  a  « 

K-  w  a  11  XV 
MM  M  AM  a 

o  I  I  v»  -j  VI 
o  a  a  a  <  a 


o  : 

z  t 


<•>  CM 
)  ^  w  w 

X  K 

:  X  o  o 


O  o  ^  a.  V 

§•  tf)  ^ 

I-  ^  ^  <v 

inir>  'O 

CMCM  H  l-tf>0^-XX 

.  .  ^  MM  W  ^  MM  M  H 

II  II  n  I  Qc  X  ^ 
«.wau;  a-^fM 

nnKwH-Jwww 

W  W  Z  MM  J  MM  MM 

xxau.ff<u.xz 

ooQ.^soi-*aa 


I  K  »-  w 

a  ^  C5  -i  »-• 

^•VZ^OOOOu 

rowMMX*^*^^M  I! 

^xu^axxi^ 
X  M  ♦  »»  a  a  a  ^ 

II  mQOO'W'<->'ww 
MM  i/)  >.»  MM  Mm 

i/)a  II  Xu.u.ii.X 
aooo.^M^a 


w  .  o  ^ 
CM  CJ  I 

I  ■  -  a 
a  1^  (o  in  II 

II  i/>  a  ^ 
aaiio*- 
a  M  o  ^ 

I  In  In  o  I 
a  a  a  c  a 


^  a  -I 

♦  4 
w  .  U 
MM  CM  o 
14^ 
a  •^  (/>  in 
It  m  a 
tt  a  11  o 

a  II  (j  K 

MM  ^  MM 

X  «n  CO  o 
a  a  a  o 


IP 

O 

in 

o 

in 

o 

in 

o 

in 

O 

tn 

r< 

CN 

CO 

n 

in 

in 

10 

<0 

tn 

in 

tn 

in 

in 

in 

in 

in 

m 

in 

in 

312 


o 

< 

a 


If) 

CN 


cs 

in 


o> 

00 


cn 

O 


o  o  o  o  o  o 


o 

in 

Ip 

+ 

00 


z 

o 


< 


a 

o 


(/) 

> 

o 

z 

< 

a 

> 

«/> 

UJ 


O) 

O 


o 

o 


o 

in 

tt  • 
I  K 
a  -I 
j  • 
<  *- 
•  o 

•M  >- 

V) 

^CL  I 

o  •  a 

+  i-.  . 


o  o  o  o  o  o 

O  C9  C  C9  O  O 


I/)  (/)  t/)  t/>  (/)  </) 
>>>>>> 

m  I/)  (/)  in  (/)  </) 
do  00  00  tt  QD  OQ 

<<<<<< 

O  o 

O  ^  UJ  O  UJ 


a  a  ol  a  a  a 

IN  >  >  >  >  >  > 

(/)  in  in  tn  in  in 

OOOODODCSOOOQO 


O  Q  O  O  O 

o  z  z  z  z 


o  o 

_  _  _  z  o 

<<<<<< 


oooooooo 


Uif  U*  UJ  liJ  Uf  u* 

0-JU«iCOOU 


z 

o 


u 

< 


(J 

z 


ft 

o 


in 

> 

o 

z 

< 

a 

> 


in 

ininininininmin  uj 
aa.aQ.aaaa  *-< 
oooooooo  K 


o 

o 


o 

in 

tt  • 
I  K 
a  ^ 

•i  ' 
<  »- 
I  o 

♦M  ♦- 

in 

a  I 
'  a 


o  o  o 

O  C  C9 


in  in  in 
>  >  > 

in  in  in 
00  GO  CD 

<  <  < 

►“Ok 
O  UJ  -J 


o  o  o 
o  c  o 


in  in  m 
>  >  > 

in  in  in 
CD  00  CD 

<  <  < 

K  K  o 

O  UJ 


a  a  a 

IN  >  >  > 


a  a  a 

>  >  >  .  . 

m  in  m  in  in  in 
CDflQGDOOCDOOO 

OOOOOOOO 

zzzoozzz 

<  <  <  <  <  < 


oooooooo 


iPUiUUIUtUUJtU 

OOOO^-iK-J 


inininininininm 

aaaaaaaa 

OOOOOOOO 


in 

a 

o 


m 

a 


X  D 


Z 

o 


o 

< 


a 

o 


a 

> 


8 


O 


o 

in 

oc  • 
X  K 
a  •i 

-j  • 
<  K 

<  o 


in 

^  a  X 

c  *  ‘ 

+ 

o 


o 

c 


a  ^ 


u 

a  w 

z 

QQOQOOOO 

o 

a  ^ 

z 

OOOOOOOO 

.. 

z 

o 

U  DC  W 

z 

... 

o 

I  •H 

< 

zzzzzzzz 

O 

X 

< 

zzzzzzzz 

^  o 

o 

OX*- 

< 

in 

n 

«J 

0.  z 

in 

<<<<<<<< 

•J 

a  Z 

in 

<<<<<<<< 

^  a  X 

in  CO 

K 

UJ 

^  a 

> 

in 

lU 

^  a 

> 

K 

o 

ui  -1  a 

> 

< 

a 

> 

<  w 

o 

• 

K 

> 

<  >»' 

o 

• 

u 

>  <  W 

o 

• 

1 

o 

w  in 

n  a 

in 

oooooooo 

w  in 

r>  a 

z 

oooooooo 

X  o 

< 

b 

w  in 

n 

a 

u. 

in  a 

> 

UJ 

u. 

in  O 

> 

o 

a  • 

rsj  10 

a  in  o 

> 

a 

o 

o  u 

K 

K 

lULULULiiUJUJUJUJ 

O 

o  u 

K 

111  Ul  111  111  111  111  111  111 

w  If) 

K 

NJ  ^ 

o  o  a 

K 

> 

o 

o  ♦ 

o 

u  * 

o 

K 

'v,  * 

u  ♦ 

o 

W' 

(D 

z 

z 

♦  00 

K 

z 

z 

*  w 

o 

K  K 

X 

.-K  U4 

z 

Z  *  CD 

K 

C') 

CD 

o 

o 

o  ♦ 

K 

o 

O 

u  « 

< 

o  o 

UJ 

o 

o  u  ♦ 

K 

CD 

o 

• 

*>4 

CNCNCNCMCNCNINOJ 

M 

w 

o 

- 

CNCNC^CNCNCNCNIN 

<  • 

w 

•X  '*■«’ 

o 

• 

< 

K 

K 

«  CN 

K 

<0 

K 

W*  w  w  w  w  w  w  w 

K 

♦  CN 

IP 

UJ 

w'  w' 

a  UJ 

DC 

«  o 

K 

K  ♦  CM 

IP 

w 

K 

O 

< 

M  W 

u 

< 

u 

z  z 

o 

X  •- 

o 

<  w 

in 

< 

K 

m  «-• 

X 

< 

IIIIZIXX 

K 

in  M 

I 

z 

XXXXXIXI 

K 

M  NH 

IL. 

a  X 

< 

K  in 

X 

CD 

O 

a  z 

a 

UJ 

aaaaaaaa 

o 

a  X 

a 

UJ 

< 

aaaaaaaa 

O 

K 

■1  a 

D  a  X 

a 

UJ 

< 

K 

a 

o  a 

W' 

K 

K 

a 

o  a 

w' 

K 

a 

< 

^  w 

H- 

D  w 

K 

a  o  a 

w 

K 

z 

n  H 

z 

M  tl 

K 

a 

in 

S  »  >< 

o 

X 

o 

a  in 

u.  a 

X 

U.U.U.U.U.U.U.U. 

o 

a  in 

u. 

a 

z 

ii.u.u>u.u>au.i^ 

z 

<  a 

UJ 

X  U. 

X 

o  a  in 

u. 

a 

u. 

O 

UJ 

u 

>  > 

UJ 

o 

>  > 

UJ 

O  *1 

K 

Q. 

UJ 

u  >  > 

3 

o 

DC 


z 

< 

a 

o 

o 

tt 

a 


L>  U  U  O 


in 

o 

in 

o 

in 

o 

m 

o 

in 

o 

in 

r* 

00 

00 

O'- 

0) 

6 

o 

w- 

<N 

cv 

in 

in 

in 

in 

in 

ID 

IP 

IP 

IP 

ID 

IP 

313 


PROGRAM  AERCLOC  74/860  0PT=1  FTN  4.8f650  09/27/89  15.21.25  PAGE 


» o  o  o  o  o  o  < 
)  ^  in  <o  010)  4 

^  ^  ^  ^  V  V  I 
>  <0  (P  <P  <P  (0  (p  4 

;88i88§: 


•OOOOOOOOOOOOOOOCOOQOOO 

<NDnin<t)r-a30)O*“<Mcnn^mtpt^CD0)O'^cNC*> 

>ininintninininin(04pioip<o<oiD<p(PiDt*^rvr^i^ 

'tf>(P<P(0(P(P(DtPlPtf>(D<PID(PlPIDiPlDU>U>(DIO 

;8888888888888888888888 


o  o  o  o  o  o 

^  ID  IP  00  0) 
h*  r-' 

IP  Ip  IP  Ip  IP  ID 
888888 


80000000000-^000000 
•-c^r>'vinipr*flD0'OO’^cNr>^inip 
000009000000000000000)0)0)0)0)0)0)0) 
IPIPIPIPIPIPIPIPIPIPIPIPIPIPIPIPIPIP 

888888888888888888 

•  ifi  II 


. 

Z 

X 

a 

in  in  - 

in  M-  M- 

^  in  — 

n 

\  r> 

n 

X 

MT  ^ 

a 

o  o  o  o  o  o 

o  o  o 

o  o  o 

a 

.  .  uj 

a 

K  K  H-  H  ►- 

a  K  ►- 

a  a  a 

• 

en  n  « 

< 

O 

II 

^  ^  II 

IP 

I  ^ 

o  o  o  o  o  o 

o  O  O 

o  o  o 

a  a 

a 

a 

V 

C9  £9  CQ  19  CO  (9 

o  o  c 

C9  C  O 

•  •  a 

•  o 

a 

• 

tM 

M  il  fw 

« 

X  • 

■ 

Z 

X 

M 

fsi  — >■ 

> 

in  n 

It 

o 

z 

M-  \ 

CM  in  w 

n 

X 

•  a 

in  i/>  in  in  in  1/) 

in  in  in 

m  in  in 

u. 

I  ^ 

CM  fSI  X  ^ 

a 

n 

in  ' 

z 

>>>>>> 

K 

>  >  > 

>  >  > 

a 

ID  • 

NM  M  IP  . 

o 

• 

■  II 

I 

o 

^ 

Mp** 

•  CM 

• 

II  •  r> 

X 

n 

CO 

cn 

in  in  in  in  in  in 

< 

in  in  in 

in  in  in 

X  ^ 

X  •“ 

in  in  X 

a 

^  C5 

p 

00  CD  QO  00  CD  00 

00  00  00 

00  00  00 

Z  1- 

D  a 

•  .  n  a 

X 

00 

a 

X 

<<<<<< 

a 

<  <  < 

<  <  < 

a  > 

•  • 

X  X  *  • 

a 

a 

•  a 

cn 

U 

in 

a  X 

^  « 

cn  n  V  « 

. 

• 

R  Z 

» 

O  H  O 

z 

a  a  d 

a  a  O 

1*9  Z 

•  •  • 

X 

It 

U  O 

cn 

C9  a  .J  O  UJ 

< 

O  -J  a 

(9  -J  UJ 

CM  a 

n  ^ 

n  *0^  cn  a 

n 

I  U 

a 

o 

a  a 

^  fM 

•  •  ^  fsl 

» 

Nl 

« I 

H 

K 

^ 

•  r>  in 

a  w 

cn  c*)  a  a 

a 

-  CD 

a  a  a  a  a  a 

z 

a  a  a 

a  a  a 

X  CM  Z 

•  tm 

AM  ^  PM 

X 

X  • 

>>>>>> 

a 

o 

>  >  > 

>  >  > 

X  1-  oe 

II  X 

UI  u  «  Z 

IP 

V" 

in  X 

■ 

^  W  '«pi' W  W  m 

c 

w  w  w  m 

^ 

a  -  3 

IP 

.  .  cn 

a 

• 

>  in 

in  in  in  in  in  in 

tt 

in  cn  in 

m  in  in 

a  X  a 

M  II  a  > 

» 

X 

m  • 

OOOCDQDflDQOflDO 

O 

o 

noaoBOaoDisca 

CM  Z  • 

w  X 

a  X 

V.  1) 

f9 

•  o 

S 

a 

<  <  <  a 

a  <  <  < 

a  X 

a  cn 

CM  in  a  n 

cn 

• 

cn  • 

z 

|§§§oa, 

<  <  <  <  < 


I  O  O  O  O  O  O  ' 


» I/)  in  I/)  I/)  I/)  m  4 

a  a  0.  a  a  a  I 

I  O  O  O  O  O  O  4 

I  d  d  Q  o  o  o  ( 

:  2  z  z  z  z  z  ; 

:<<<<<<> 


oooooooo 

lAilU  U*  UP  V*  If*  If*  ti* 

OOOO-J-i-i-i 


I  CM  CN  CV  CM  CM  CN  < 


:  1 1 1 1 1 1 ; 
a  a  a  a  a  a  I 


I  O  O  O  o  Q  a  Q 
:  z  z  o  V  z  z  z 


oooooooo 


HI  ^  ^  m  ^  ^  ^  I 

O  O  O  O  -)  -)  -J 


i/>inini/)mi/>i/)i/) 

aaaa&aaa 

oooooooo 

§o  o  o  o  o  o  d 
z  z  z  z  z  z  z 
<<<<<<<< 


oooooooo^axx 

. ulCOZS 

ujuiuiu)ujujipujZomu.k 

000-f0-)^-J'-4U.u.u. 

. »-'-'C^CM 

>  00  CM  ^ 

cmcmcm<mcmcmcmcmZ^u,k 


IIIIIIII 

aaaaaaaai 


a  u.  a  a  a  u. 


>  >  MM  . 

A-  ^  I  ^ 
I  X  IP  • 

in  in  -  n 


a  '  • 

X  ^ 

. 

> 

X 

"M- 

1)  a 

p 

00  )> 

p 

a  X  X 

cn  a 

X 

X 

cn 

a 

X 

II 

X  z 

X 

cn  Z  Z 

•  •• 

cn 

cn 

• 

• 

-j 

CM  I 

n 

CM  a  a 

V  II 

• 

• 

11 

> 

•  cn 

p 

a  a  a 

Mf 

I  X 

a 

X  • 

CM 

•  cn  CM 

cn 

cn 

a 

^  cn 

X 

in  X 

X  CM 

X 

rn 

rn 

X 

p  p 

.  IP 

in 

Z  ►-  t- 

a  M 

a 

rg 

X  ^ 

p 

in  ^ 

a 

a  '  • 

•  (M 

a 

a 

• 

n  • 

X 

•  ^ 

p 

a  X  X 

11  I 

• 

• 

It 

X 

.  IP 

cn 

rn  ^ 

II 

CM  Z  Z 

IP 

H 

II 

IP 

cn  a 

• 

K 

**  a  a 

^  ► 

a 

k 

p 

cn 

a  0) 

in 

a  a  a 

X  K 

CM 

in 

X 

X 

in  II 

•  a 

a 

-  CM  cn 

X  cn 

X 

X 

X 

cn 

a 

CO 

H 

a 

X  ^  CM 

M  • 

M 

Mi4 

k 

p  ^ 

a 

<  II 

a 

Z  u.  t- 

I  ^ 

I  I  I  « 

II  a 

I  X 

T 

a  •  ' 

IP  • 

in  in  IP 

o 

II 

CM  a 

IP 

a  X  X 

^  .  cn 

* 

• 

• 

cn  ^ 

3  X 

4--  .  I  4^ 

.4-k 

K’^^xKx-^in-ja'-^K  inxainxin 
tna  •intnma  •xz'-^a^  ^m-j  *0)  • 
•  -CM  •  •  •  •O^f'^VX^O  *<0  “CM 

I  axXX  axxip  •  -aXr^aXa 
«>M-coM-«'^acMipipax^r^^ 

wawwwwawww  -ipawwKww-..^ 
K  X  II  w  .  in 

aMMKKHaMMaaa  i-naa  -aai- 
<X<<<<X<<<a<  <<n<^< 

ZIPZZZZIPZZZQZCOZZ  >zzz 
a  •aaaa  >attttxainaao)ttaa 
oxooooxoooaoxooaooo 

anaaaaOaaaXa^aa  -aaa 


0)  O  ■*“  CM 
^  CM  CM  CM 


c*)  in 

CM  CM  CM 


IP  r-  00  0)  O  ^ 

CM  CM  CM  CM  C3  C*5 


o 

in 

O 

in 

O 

in 

O 

in 

o 

in 

o 

cn 

cn 

in 

in 

IP 

IP 

r«* 

00 

IP 

IP 

IP 

IP 

IP 

IP 

IP 

IP 

IP 

IP 

IP 

314 


PROGRAM  AERCLOC  74/860  0PT=1  FTN  4.8+650  09/27/89  15.21.25  PAGE 


o  o  o  o  o 

o  o 

o 

o  o  o 

o 

o  o  o 

o  o 

o  o  o 

o  o 

o 

goo 

o 

o  o 

o 

00  O) 

CN  CO 

n 

in 

<0  tt 

00 

at  o 

CM  CO 

^  in  IP 

tt 

00 

o 

O  ^  CM 

CO 

in 

IP 

0^  0>  CJ> 

5  o 

o  o 

o 

o  o  o 

o 

o 

9“ 

CM  CM  CM 

CM 

CM 

CM 

CM 

<D 

(p 

(p 

P** 

tt 

tt 

tt  tt 

tt 

tt 

tt 

tt 

tt  tt 

tt  tt 

tt 

tt 

tt 

tt 

tt  tt  tt 

tt 

tt 

g 

388888 

o  o 
o  o 

8888888888888888 

o 

o 

88 

X 

00 

IP 

5 

Z  ID 

tt 

tt 

\ 

a  v. 

• 

tt 

CM 

• 

tt 's. 

n 

• 

X 

T  V 

ft 

tt 

CO 

in  • 

tt 

» 

• 

•  0> 

tt 

<1^ 

• 

CM 

in 

X  u. 

tt 

tt 

's* 

II 

i 

n  • 

tt 

z 

in 

CM 

IP 

4 

in 

-  n 

< 

o 

X 

tt 

tt 

Ip 

U 

m 

tt 

CO 

tt 

IP 

• 

•  * 

U1 

•  O 

z 

X 

tt 

< 

tt 

•. 

« 

X  X  4 

• 

1 

00  m 

CO 

• 

tt 

• 

g 

II 

z  1C  » 

H 

w  Z 

• 

• 

II 

UJ 

II 

z 

tt  + 

*  tt 

X  flO 

in 

w 

X 

u.  O  X 

• 

CO 

ii  X 

10 

tt 

CO 

I 

O 

'v. 

z 

CM  z  Z 

X 

z 

IP 

• 

tt 

o 

00 

CM 

tt 

9>  9.  Of 

CO 

I 

( 

X  - 

cv 

>s. 

tt 

X 

• 

< 

tt 

tt  'S..  tt 

• 

V 

O  X 

o 

It 

• 

tt 

X 

z 

<0  CO 

4  CM  CO 

CM 

Z  CO 

It 

z 

CO 

z 

tt 

CM 

•  •  CM 

• 

X 

( 

X  • 

tt 

r 

IP 

• 

< 

* 

tt 

X  IP  tt 

IP 

X 

CO 

Z  ^ 

• 

tt 

o 

CO 

• 

CM 

a 

» 

# 

CO  tt  4 

tt 

(P 

. 

<0  • 

H 

• 

tt 

tt 

X 

X 

It 

> 

• 

• 

\n 

II 

♦ 

X 

CO 

^  tt 

0) 

X 

CM  4  X 

4 

o 

X  tt 

« 

• 

'tt.  tt 

• 

X 

IP 

•  It  ID 

II 

z 

in 

( 

cn  • 

CO 

X 

• 

in 

CM  • 

X 

z 

• 

IP 

•  R 

s 

tt 

n 

X 

<  U 

CO 

tt 

2 

u.  X  O 

X 

UJ 

V 

X 

z 

• 

n 

tt 

MC 

• 

tt 

X 

•  Z  X 

Z  -v 

• 

•  c 

in 

X 

in 

« 

tt 

o.  a 

CM 

CM 

♦  tt  ^ 

tt 

CM 

11 

1 

^  o 

• 

in 

in 

• 

•  CM 

'V. 

It  tt  '>9 

tt 

1 

u.  U 

X 

• 

00 

It 

II  < 

tt 

tt 

CM 

CM  CM 

CO  IP 

a 

•  M 

CO 

X 

tt 

tt 

tt 

tt 

4 

X  ^  • 

CM  tt 

z 

M  m 

• 

CO 

* 

tt 

CM 

CM  UJ 

• 

• 

IP 

z  1-  <c 

tt 

• 

I 

tt 

M 

• 

« 

O 

“3  CQ 

II 

CO 

X 

tt 

tt  4  tt 

4 

4 

tt  z 

o 

II 

H 

X 

z  z 

z 

CO 

• 

tt  -  • 

• 

It 

• 

O  00 

tt 

^  09 

O  O  \  00 

» 

4 

<*9  X  ♦ 

X 

C*J 

X 

1 

X  • 

tt 

CM 

CM 

X 

•  • 

CO  ►M 

tt 

CM 

It 

CM  CO  II 

IP  X 

CO 

T  X 

• 

tt 

tt 

tt 

IP 

X  X 

^  tt  z 

• 

tt  ' 

* 

4 

00 

• 

in  n 

ft 

* 

tt 

z 

• 

CO  CO 

zoo 

U 

IP 

X 

4  CM  X 

O  Z 

tt 

in 

•  • 

n 

« 

TT 

X 

•  • 

z  z 

►M 

in  tt 

Z 

•  •  Z 

X  z 

• 

X  V 

r? 

o 

• 

CO 

CM  CM 

<[ 

tt 

> 

* 

tt 

X  IP  tt 

9- 

a 

* 

in 

CO  • 

s 

•  CM 

X 

X 

• 

o  o  o  z 

* 

tt 

10  tt  q: 

'V.. 

* 

It 

-  0> 

z 

^  tt 

10 

CO 

IP 

Mr  tt 

Z  Ui  Z 

CO 

It 

CM 

•  •  CM 

CM 

• 

UJ 

IT  tt 

tt  z  \ 

• 

tt  tt 

at  -1 

• 

0  4  9- 

X  z 

• 

• 

• 

•X  v. 

in 

tt 

• 

‘  a 

UJ 

X 

X 

tt  Z  ft  tt 

IP 

IP 

QC 

tt 

1 

N  H 

X 

♦  in 

in 

tt 

H  n 

X  3  UJ  (*>  z 

« 

^  # 

tt 

» 

< 

1 

10  ^ 

II 

tt 

• 

CO  O  QC 

• 

tt 

• 

'v.  X  • 

• 

o 

o 

>o 

\  • 

X 

CD 

tt 

It 

O 

•  O  tt 

CO  tt 

X 

CM  Z  X 

4 

X  o 

Z 

II  u 

V.  o 

9-  (*3 

tt 

+ 

“5 

<N  X  X 

CO 

CO 

•  tt  CO 

II 

9- 

tt 

z 

1^ 

tt 

o  - 

o  • 

• 

II 

Z  < 

•  Mr 

00 

CM 

• 

IP  a  - 

'v. 

CO 

•  tt 

z  o 

« 

o 

^  tt 

tt 

tt 

tt 

CM 

tt  CO  CM 

X 

CM  .in 

>N.  O 

iO  ^ 

« 

II 

X 

•  Ul 

tt  ' 

• 

♦ 

•  CM  • 

z 

z 

X 

^  a  z 

tt 

-  ^ 

tt 

tt 

X  03 

-  X 

X 

ft 

• 

IP 

4  tt  IP 

a 

(P 

er 

in 

X  a 

•  ^ 

X  tt 

CM 

z 

X 

in  X 

II  in  in 

a 

X 

tt 

II  4  tt 

tt 

tt  3 

o  in  z 

II 

o  in  ' 

a 

10 

>  00 

• 

• 

> 

10 

• 

•  « 

CM 

tt 

•  a> 

o  o 

•  ft 

tt 

• 

• 

• 

o  o 

O  O 

» 

4 

X  X  4 

■»« 

♦ 

X 

\  li- 

K  - 

o  ^ 

tt 

a 

X 

X 

X  K 

<N  Z 

I  X 

g 

II 

z  10  » 

tt 

1! 

tt 

in 

f»- 

IP  X 

tt  tt 

tt 

CM  Z  CM 

< 

IP 

IP 

9-  (D 

< 

•• 

1 

q:  • 

4 

o 

W' 

w  n 

3  ^ 

9-  O 

(j 

'W 

Z 

X 

u.  O  X 

• 

X 

in 

• 

O 

4 

z 

w 

Z  CM  z  Z 

X  z  a 

K 

1-  1-  o 

►1  tt 

tt 

t-  t-  I 

■ 

w 

tt 

tt  tt 

<  tt 

tt 

tt 

tt 

tt 

9-  9-  It 

CO 

tt 

UJ 

< 

UJ 

< 

«  • 

Z  <  < 

< 

<  in 

X 

< 

< 

<  < 

CO  < 

< 

< 

< 

tt 

tt  '^tt 

* 

tt 

CD 

Z 

Z  Z  <0 

a  z  z  z  z  • 

CO 

z 

z 

Z  Z 

X  Z  Z  Z  Z  n 

4  CM  n 

CM  CM  Z 

a 

H 

tt  tt  u. 

Z  tt  tt  tt 

tt  X 

> 

tt 

tt 

a  a 

01  a  a 

tt  tt 

CM 

•  •  CM 

3  O 

o 

o  o  * 

0)  o  o  o  o  n  in 

O  'x  o 

o  o 

•  O  O  O  O  u. 

X  10  tt 

IP  tt  z  z 

a  u. 

1 

^  » 

>  tt  tt 

tt 

tt  • 

tt 

in  tt 

tt  tt 

X  tt 

tt 

tt 

tt 

4 

CO  tt  4 

tt 

4 

4 

UJ 

4 

CM 

4 

4 

4  4  4 

4 

4 

4 

CO 

V 

in  10  tt 

00 

at 

o 

CO  ^ 

in  10  tt 

00 

CO 

CO 

CO 

n  c*>  w 

CO 

CO 

Mr  ^ 

m 

O 

in 

g 

in 

o 

CD 

0> 

at 

o 

o 

<0 

<p 

IP 

r- 

tt 

tt 

315 


UJ 

O 

< 

a 


10 

Oi 


u 

u 

< 


3 

O 

tt 

0 

<0 


>  N  X 

Z  2  S 

o  o  o 


< 

2 

'W  w  >» 

X 

X 

>  X 

> 

X 

o 

• 

OD 

^  ^ 

w  n 

X 

d 

d 

X 

> 

(0 

X  >  N  a 

a 

tt 

tt  tt 

r) 

tt 

tt 

d 

C) 

2 

• 

N 

a  a  a  * 

ft 

ft 

o 

ft  ft 

tt 

ft 

ft 

tt 

< 

N 

*  *  *  N 

N 

> 

< 

n 

N  isi 

ft 

N 

rs 

ft 

z 

2 

z 

• 

^  ^  JJg 

z 

z 

< 

z  z 

> 

z 

Z 

> 

z 

2 

o 

> 

Cl  M  «  o 

o 

o 

UJ 

K 

o  o 

Z 

O 

o 

z 

< 

• 

o 

♦  *  •  o 

o 

o 

o 

UJ 

o  o 

o 

o 

o 

o 

c 

IS 

• 

•ft  «  «  1 

+ 

t 

0 

1  ft 

o 

ft 

o 

• 

> 

X 

rs  M  >•  X 

> 

> 

z 

X  > 

1 

X 

>• 

cv 

• 

z 

Z  Z  Z  V 

V 

10 

C5  P) 

> 

d 

d 

>• 

< 

> 

o 

• 

o  o  o  a 

q: 

tt 

v> 

o 

tt  tt 

n 

tt 

tt 

d 

z 

o 

N 

•►  «►  +  ft 

ft 

♦ 

ft 

o 

ft  ft 

tt 

ft 

ft 

tt 

z 

> 

♦ 

z 

<N  <V  Cl  — ‘ 

X 

ft 

ft 

ft 

< 

X 

X 

ft  ft  ft  CN 

Cl 

z 

> 

d  d 

X 

d 

d 

X 

o 

-D 

z 

> 

ft  ft  ft  ft 

ft 

o 

X 

> 

ft  ft 

Z 

ft 

ft 

Z 

• 

• 

o 

Z 

>  X  X  ft 

ft 

o 

•ft 

X 

ft  ft 

o 

ft 

ft 

o 

plj 

N 

o 

Z  Z  Z  rs 

IS 

> 

ft 

N  rs 

o 

IS 

N 

o 

a 

X 

o  o  O  Z 

Z 

■ft 

o 

> 

Z  Z 

ft 

Z 

z 

ft 

• 

• 

rs 

z 

^i»’  C5  D  O 

O 

IS 

w 

c 

o  o 

rs 

o 

o 

rs 

>■ 

> 

z 

• 

1  I  1  <  <  4 

+ 

z 

1 

ft  ft 

Z 

ft 

ft 

Z 

fiC 

o 

IS 

X  >  rs  ft-  h-  d 

d 

o 

I 

d  d 

o 

w 

d 

d 

o 

* 

• 

« 

“3 

Z  Z  Z  UI  u.'  ft 

ft 

ft 

n 

ft  ft 

ft 

tt 

ft 

ft 

ft 

X 

X  PJ 

> 

« 

O  O  O  ffl  0  ft 

ft 

< 

n 

ft  ft 

ft 

ft 

4 

»- 

tt 

iC  o 

z 

> 

N 

♦  ♦♦•►•►> 

X 

> 

ft- 

< 

>-  X 

> 

tt  tt 

>• 

X 

>- 

II 

•  o 

o 

“3  Q 

a  a  z 

z 

UJ 

1- 

z  z 

CO 

d 

ft  ft 

0^ 

z 

z 

d 

H 

N  - 

z 

• 

• 

o  N  N  >  a  a  o 

o 

tt 

0 

Ul 

n  (*)  o  o 

tt 

ft 

d 

d 

o 

o 

tt 

a 

I  K  a 

X 

X 

• 

a  or  a  <  <  w 

ft 

0 

<  < 

W' 

ft 

ft 

rs  > 

< 

< 

ft 

o 

Uj 

■  * 

K  Z 

•3  K 

ft  ft  ft  z  z  « 

1 

> 

lO 

w 

z  z 

1  t 

> 

rs  Z  Z 

Z  Z 

1 

1 

V 

u 

>  N 

o 

• 

■ 

M  N  >  <  <  > 

X 

z 

o 

z 

Z  Z  >  X 

z 

ZOO 

z  z 

> 

X 

z 

u 

X 

rsZZZZCC9*9 

o 

mm 

<  < 

p>  en 

o 

o  o  c 

< 

< 

d 

d 

o 

o 

< 

»  » 

< 

r) 

^aooO'^'-'CK 

a 

•ft 

ft 

in 

a  o  tt  tt 

ft 

ft 

ft  • 

o  o 

tt 

tt 

■ft 

(0 

X  > 

< 

• 

a 

+  +  -ft  «/)  Z  ft 

•ft 

X 

ft 

W' 

ft  ft 

X 

d 

>  rs 

ft 

ft 

X 

o 

\u 

I  o<  1- 

> 

w 

>  X  X  o  X 

>> 

X 

m  z 

>  >■ 

CO 

ft 

Z  Z 

in  Z 

> 

> 

d 

Z 

•  • 

o  < 

^oattaukoz 

z 

tt 

X 

X 

o  ^ 

z  z 

tt 

ft 

o  o 

O 

»>4 

z 

z 

tt 

fsl  X  O 

• 

a 

ft  ft  «  ft  ft  Q 

o 

ft 

•ft 

I 

fS 

U  kO  O  O 

ft 

X 

>• 

N 

>• 

ft  ft 

X 

> 

IS 

O 

m 

o 

o 

ft 

p- 

K 

<5  O 

X 

UJ 

>  X  X  V  'V  ft 

ft 

X 

X 

ft 

X 

ft  ft 

ft  ft 

X 

“3  -3  -3  Z 

X  X 

ft 

ft 

ft 

ft 

X 

D 

2  2 

^<ZZZaQ:> 

X 

z 

o 

X 

ft 

n  n 

X  X 

z 

ft 

ft 

ft 

o  z  z 

ft 

ft 

ft 

d 

d 

X 

X 

z 

O 

>  rs  o  O 

o  o  o  •  •  z 

z 

o 

W' 

O  IS  ft  tt  Z  Z 

O  X 

> 

IS 

OCX 

>• 

rs 

tt 

tt 

z 

z 

o 

a 

C9  a  z 

z 

-J 

WWW  ti  no 

o 

w 

1 

w 

o 

N  II 

o  o 

w 

O  O  0 

» 

W'  W' 

o  o  o 

n 

tt 

o 

o 

m 

•  • 

z 

z 

< 

-J 

II  M  It  X  >  i> 

II 

II 

11 

11 

II 

X  > 

n  It 

II 

It 

w 

N 

H 

tt  n 

It 

II 

II 

X 

> 

11 

II 

II 

3 

X  >  o  o 

Ui 

< 

X  >  M  ^  ^  X 

>> 

IS 

X 

>- 

C4  n  cj 

X  > 

IS 

X 

>-  Nl  X 

>  IS 

X 

> 

rs 

d 

d 

X 

>• 

rs 

(/> 

O  0.  u  u 

auoooaocx 

I 

X 

Z  X  tt  tt 

■D  "3 

"szzz-i-iuoooace 

a 

a 

a 

♦  K  > 

a  a  0. 

+  -f  z 


II  *-  Q 

N  ku  Z 


o 

<N 


(O 

w 


O 

r> 


lO 

w 


O 


316 


Ui 

O 

< 

a 


tf) 


to 

o 

o  o 

O 

o 

o  o  o  o  o  o 

Q 

o  o  o  o 

o  o  o  o  o 

o 

o  o  o  o 

o  o 

o  o  o 

P 

o 

o  o  o  o 

o 

C 

o  o 

o 

o  o 

o 

O 

o  o 

o 

o 

O 

O 

o 

o> 

o  - 

d 

<0 

in  ID 

00  a> 

o 

^  d  cn  V 

in  ID 

d  CD 

0) 

o 

d  CN  CO  ^ 

in  ID 

O' 

p 

d 

CN  r> 

4 

in 

(D 

® 

O' 

o 

d  CN 

CO 

4 

in 

to 

fk- 

to 

O' 

o 

d 

in 

r*- 

d 

d 

d 

00 

OO  flO  00  00 

00  00 

OOODQOOIOO^CnO) 

o> 

O'  (T>  <n 

P 

o 

o  o  o  o 

o 

O 

o  o 

d  d 

d 

d 

d 

d 

d 

d 

d 

CN 

CN 

CN 

d 

d 

d 

d 

d  d  d  d 

d  d 

d  d 

d 

d 

d  d  d  d 

f*  1*^ 

h- 

to 

o 

to  ® 

to 

to 

to 

to 

® 

to 

m 

to  to 

to 

to 

® 

« 

ea  to 

® 

CO 

0 

>v 

0> 

8888888888888888888888 

8888888888888 

O 

o 

8888 

o 

o 

8 

o  o 
o  o 

88 

o 

o 

888888 

o 

a 

• 

X  w  o  * 

* 

in 

X 'd  ♦  o 

1 

m 

w 

d 

« 

o 

K 

<n 

M  *  W  > 

> 

« 

d  <  CL  4 

< 

4 

4 

z 

> 

u 

N 

1  ~  «  s 

z 

> 

^  in  UI  < 

m 

> 

a 

o 

z 

4 

•>4 

< 

-V  <  a  o 

o 

z 

dk  ♦  UJ  o 

4 

z 

X 

1 

o 

>* 

• 

< 

<  in  UJ 

1 

o 

<  >  d  * 

X 

o 

d 

dk  dk. 

ft 

z 

a 

• 

U  «  UJ  < 

< 

4 

O  Z  w  X 

z 

4 

d 

4  CN 

X 

o 

dk 

Ui 

in 

*  >  •-.  o 

in 

<  d 

•  o  *  z 

o 

4 

4 

u  * 

z 

4 

d 

K 

>  z  —  , 

* 

U  CD 

>-  4  ®  O 

0m0> 

u 

d 

4  4 

o 

X 

:ic 

»-4 

< 

Z  O  *  X 

X 

♦  in 

z  <  O  — 

* 

4 

d. 

>•  d 

4 

z 

« 

o 

• 

< 

o  0)  z 

z 

X  4 

O  U  4  • 

d 

X 

< 

Z  4 

4 

o 

a 

in 

a 

• 

<  <  in  o 

o 

z  a 

t  *  d«  w' 

z 

Z 

L> 

o  u 

u 

z 

<0 

rsi 

<  O  1  w 

O  X 

<  X  -d  ♦ 

o 

o 

4 

o  * 

4 

4 

+ 

rsi 

m  ♦  >-^w 

• 

w  d 

in  z  CN  a 

4 

> 

1  V 

u 

CD 

< 

*  X  * 

d 

1  d 

4  O  4  d 

4  a 

z 

4  Z 

n 

4 

4 

• 

< 

X  z  d  a 

z 

d  4 

X  d-  «  Ui 

< 

d  X 

o 

m  o 

4 

dk 

U 

a 

• 

Z  O  *  d 

o 

OD  OQ 

Z  •  d 

in 

ffi  d 

1 

4  • 

♦- 

n 

4 

UJ 

n 

o  ^  *  tu 

1 

in  u 

O  dZ  4 

« 

U  d 

4 

X  4 

UJ 

4 

d. 

z 

UI 

D 

W  W  d  <-4 

♦  ♦ 

w  ♦  O 

>• 

4  < 

in 

Z  in 

to 

K 

N 

< 

z 

♦  ♦  Z  ' 

< 

a  a 

«  a  >  < 

z 

a  a 

4 

O  4 

kd 

UJ 

z 

U. 

• 

< 

d  a  o 

in 

UJ  d 

d  X  CN  in 

o 

UI  d 

X 

O  X 

in 

dflj 

d. 

o 

a 

• 

a. 

Z  X  >  < 

♦ 

X  Ui 

Z  d  4  4 

o 

X  UI 

Z 

~  z 

O 

dk  w' 

dk 

4 

X 

d 

z 

o  d  d  in 

> 

d  d 

O  d  *  > 

4 

d  d 

o 

d  o 

U 

a  z 

a 

X 

X 

• 

z 

w 

.  .  —  z 

< 

4  w- 

d 

4  w 

4 

1  - 

I 

z 

< 

N 

o 

•  ♦ 

«  o 

u 

•  4 

4 

a  • 

> 

a  in 

a 

o 

• 

< 

0^ 

00 

a  ^^z 

o 

CN  d 

0.  dk  4 

4  dk 

CN  d 

^k 

d  d 

z 

X 

^  4 

-j 

1 

a 

• 

in 

UJ  ^  <  o 

4 

+  z 

UI  <  4  < 

X 

•  z 

4 

UJ  4 

o 

X 

4  IN 

4 

> 

.s 

O 

> 

• 

UI  <  U  4' 

< 

OQ  O 

UI  u  >  u 

Z  M 

0  o 

in 

4 

* 

4-  ♦ 

> 

4 

z 

< 

00 

d 

d  u  *  < 

u 

U  4 

d  «  S  4 

O  4 

in  4 

4 

1 

> 

a 

d  « 

d 

o 

a 

« < 

M 

Z 

'  ♦  >  u 

♦  d, 

♦ 

•  >  O  X 

O  4 

4 

> 

4 

z 

z 

in  >• 

4 

in 

o 

<j 

^  < 

T 

X 

o 

a  >  z  « 

X  d 

dk  Cl 

0.  z  >  z 

w"  dk 

d  CN 

z 

in 

o 

4 

Q.  Z 

a 

a 

a 

a 

o 

N  Z  O  X 

Z  CN  a  4> 

d  o  <  o 

»  < 

a  4 

o 

4  4 

1 

kdO 

z 

d' 

4 

<  O 

d  O  •  Z 

O  4 

UI  dk 

d  o  in  d 

d  in 

UI  dk 

4 

in  > 

4 

® 

z 

4 

Z 

4 

d. 

CO 

0  ^ 

CO 

a 

> 

d  o  <  o 

O  4 

UI  CD 

d  1  4  4 

4  4 

UJ  ® 

4 

*  z 

m 

in 

d  < 

dk 

in 

4 

< 

d  < 

d 

d 

z 

w  1  in  w 

d> 

d  in 

d  <  X  d 

a  >- 

d  v> 

O 

>  o 

« 

« 

m  in 

in 

* 

in 

H 

00  < 

< 

Ui 

o 

4  <  ♦•  ♦ 

W  < 

1  4 

♦  </5  z  z 

UJ  z 

<  4 

4 

Z  4 

d 

d 

♦  4 

* 

dk 

4 

UI 

< 

o 

^  in  X  d 

4  in  a  ^ 

^400 

X  o 

a  a 

X 

O  4 

n 

Z 

4 

d 

> 

00 

>  0> 

• 

0 

<  4  Z  Z 

a  4 

d  a 

<  X  W  ♦ 

d  4 

d  UI 

z 

O  ^ 

4 

c 

in  n 

d 

in 

Z 

z 

• 

00  < 

d 

a 

X 

in  X  o  o 

UI  > 

d  d 

in  z  dd 

'  < 

d  X 

o 

4  4 

o 

'  4 

z 

4 

o 

o 

a 

-  < 

d 

X 

z 

♦  z  ^  ♦ 

X  Z 

d  d 

*  o  4  a 

^  o 

M  d 

4  X 

UJ 

1 

dk  4. 

o 

d 

4 

4 

I 

X  • 

< 

d 

o 

>  O 

d  o 

4  d 

>  O  a  d 

d  4 

<4  4 

u  z 

to 

to 

a  UJ 

o 

3 

> 

4 

a 

^  00 

< 

o 

z  o  4  a 

4  4 

a  4 

Z  w  CN  d 

Z  X 

a  • 

4 

♦  o 

d- 

u 

z  ® 

+ 

z 

z 

U 

•  < 

• 

« 

• 

o  '*»'  a  d 

-d  < 

X  a 

O  t  Ui  d 

o  z 

X  CN 

d. 

X  w 

z 

4 

a  w 

to 

4 

o 

4 

< 

< 

CL 

d 

O  4  d  d 

d  (J 

X  X 

O  ^d  . 

o  o 

X  « 

a 

z  ^ 

d 

CN 

in 

in 

h* 

4 

X 

■ 

M  * 

d 

UI 

z 

4-  UI  d 

Z  4 

d  X 

4  <  •  a 

•  'W 

d  to 

X 

O  4 

in 

♦ 

4  O 

4 

in 

X 

Z 

in 

< 

X 

o 

<  <  d  1 

O  X 

>mr  d 

<  in  dk  X 

dk  I 

d  U 

dk 

X 

o  a 

4 

4 

D 

CN 

to 

4 

z 

o 

in 

a  < 

< 

• 

u  in  •  a 

o  z 

1 

u  4  d  X 

4  CN 

w  4 

to 

d 

d'  UJ 

X 

d 

u 

d  4 

4 

in 

dk 

o 

d 

• 

•  < 

• 

• 

> 

*  *  X 

4  o 

4  a 

*  >  Z  d 

U  4 

4  d. 

u 

1 

4  X 

z 

z 

4 

in  <N 

4 

4 

a 

o 

4 

in 

^  • 

o 

OL 

z 

X  >  d  X 

d* 

dK  lU 

OD  OD 

X  Z  O  d 

«  « 

d  Q. 

m 

4 

a 

dk  d 

o 

o 

a 

a  4 

N 

d 

T 

a 

n 

in 

in  ID 

d 

d 

o 

z  z  z  •- 

<  I 

<  UJ 

in  u  z  o  o  « 

>-  d 

4  d 

L>  a 

UI 

4  > 

* 

1 

u 

kd  4 

z 

Z 

a 

1 

u 

K 

W' 

a  < 

< 

d 

» 

(0 

O  O  O  w 

U  CN 

O  d 

♦ 

* 

O  4  4  d 

z  z 

U  d 

4 

d 

UJ 

U  ^ 

X 

a 

in  X 

o 

o 

<d 

a 

Q. 

•  ^ 

< 

X 

< 

0  4  0  1 

*  « 

4  w 

a 

a 

Q  <  ^  < 

o  o 

4  d 

a 

UJ 

d 

4  d 

z 

n 

4 

o  z 

1 

4 

4 

4 

4 

O 

z 

in  • 

• 

* 

z 

w  <  1 

>  « 

>  4 

X 

X 

d  u  <  U 

>  4 

X 

d 

w 

>  4 

o 

4 

a 

®  m  u  o 

dk 

a 

m 

4 

a 

a 

o 

in  m 

0) 

CL 

o 

UJ 

♦  u  ^  < 

Z  d  Z  00  d  d 

♦  ♦04 

4  4 

z  a 

d 

4 

1 

Z  in 

1 

Z  CJ  in 

4  1 

(*) 

o 

in  ® 

d 

u 

z 

•  < 

UI 

o 

00  a 

a 

a  ♦  <  o 

o  z  o  u 

d 

d 

a  X  4  > 

in  a 

O  X 

d 

CD 

d 

O  4 

kd 

UJ 

4 

4 

4 

4r  kd 

< 

a 

4 

u 

in 

a 

4 

o 

< 

V  < 

< 

UJ 

n 

< 

< 

X  X  u  ♦ 

•  o 

1  ♦ 

4 

1 

X  z  >>  z 

4  X 

'  X 

1 

in 

Z 

1  > 

4 

to 

d 

a 

a 

in  4 

»- 

« 

a 

4 

a 

* 

ID 

m  - 

< 

M 

< 

in  <  X  I 

< 

< 

X  Z  4  > 

<  d 

<  a 

CD  00 

X  o  z  o 

X  d 

4  d 

m 

# 

o 

4  Z 

in 

a 

+ 

Z  (J 

u 

4  a 

UJ 

a 

u 

a 

kd 

a 

CN 

00 

UI 

•  ^ 

• 

• 

a 

h- 

a 

a 

d 

d 

*-•  o  >  z 

in  # 

in  UJ 

o  in 

d  ^  o  o 

Z 

in  1 

in  a 

o 

m  o 

in 

u 

a 

o  a  a 

d  cj 

ffi 

Z  a  (j 

in 

z 

1 

z 

^  < 

00 

a 

< 

•f 

UJ 

_j 

UJ 

UJ 

1  W  z  o 

4  a 

•  X 

* 

♦ 

t  ♦  1  f 

o  • 

4  a 

« 

X 

♦ 

♦  -4 

a 

« 

a 

< 

4 

4 

4 

3  a 

■f 

4 

4 

a 

o 

d' 

3  < 

X 

O 

CD  < 

<  OD  CO 

w  ♦  o  o 

X  X 

X  d 

a 

a 

d  d  <  ^ 

•w'  dk 

X  UJ 

a 

d 

a 

X  4 

d 

d 

4 

z 

a 

a  z  4 

a 

a 

4 

o 

in 

in 

K 

Z  * 

< 

X 

^  in 

II 

♦  N  1  I 

Z  d  z  4 

d 

d 

4  z  in  in 

*  dk. 

Z  UI 

d 

d 

d 

Z  U  d  3 

a 

a 

CN  Z  Z 

^  a 

4 

CN  Z 

a 

kMf 

CD 

m 

S 

-  r> 

< 

M 

zaazinzinisz<< 

O  d 

o  • 

u 

UI  00  O  4  4 

d  < 

O  d 

UI 

d 

O  « 

d 

z 

z 

_j 

1 

1 

1 

•  z 

z 

1 

< 

z 

1 

4 

4  Z 

O 

a  •< 

• 

o 

II 

< 

o 

M 

O  u  o  in  in 

W'  1 

w  CN 

d 

d 

in  •  X  X 

4  O 

d 

1 

d 

'd  X 

ii 

u 

n 

4 

II 

it 

II 

»  II 

a 

II 

II 

ft 

n 

It 

II 

a 

a 

N  < 

0j 

z  < 

I  in  <j 

in 

o 

II  -w  «  * 

♦  d 

II  W 

H 

H 

u  dZ  z 

m  4 

«  d' 

U 

II 

II 

•  z  o 

d 

CN 

kd 

CO 

4 

in 

to  t- 

®  O'  o 

d 

CN 

CO  3 

00 

Ui  - 

< 

z  K  a 

u 

ii 

11 

n 

4  X  X 

dk 

CN  ♦ 

D 

in  4  o  o 

4  > 

to  4 

r«k 

® 

0> 

d  o 

d 

d 

d 

z 

d 

d 

d 

d  d 

< 

d 

d 

CN 

CN 

CN 

CN  ♦- 

o 

3 

t-4  d 

< 

UJ 

O  UJ 

< 

<  OD 

(Q  <  a  z  z 

<  < 

<  ^ 

< 

< 

<  a  d  o 

>  z 

4  d 

4 

4 

4 

Z  W 

4 

4 

4 

d 

4 

4 

4 

4  4 

kd 

4 

< 

< 

4 

4 

<  UJ  Z 

in 

•  < 

< 

oc 

O  OD  < 

in  o  in  u 

<  UJ  o  o 

in  o 

<  < 

< 

< 

<  UI  4  d 

z  o 

4  4 

4  < 

4 

O  4 

4 

4 

4 

in 

4 

4 

4 

4  4 

in 

4 

< 

4 

< 

4 

4 

a 

UJ 

+  d 

CO 

d  r3 

^  10 

d 

d  CM  D 

4^  in 

d 

CN 

d 

d 

z 

o 

< 

tit 

z 


D 

o 

oc 

OD 

V) 


O 


\P 

d 


O 

CO 


in 

CO 


O 


in 


o 

in 


317 


SUBROUTINE  CWON  74/860  0PT=1  FTN  4.8+650  09/27/89  15.21.25  PAGE 


318 


c 

< 

a 


IP 

CN 

CN 

IP 


00 

O 

o 

o 

o 

o 

o 

o 

o 

O 

O 

o 

o 

o 

o 

o 

o 

OOOOOOOOO 

o 

o  o  o 

o  o  o  o 

o 

O 

Q 

O 

o 

o 

o  o 

o 

o  o  o 

o 

o 

coo 

IP 

ID 

h* 

00 

D» 

o 

CM 

n 

IP 

ID 

m 

O' 

o 

CM 

n 

< 

IP 

ID 

r- 

00  a> 

O 

CM  o 

< 

IP 

ID 

00 

c^ 

o 

CM 

n 

IP 

ID 

00 

(T 

o 

CM  CP  ^ 

c* 

IP 

IP 

IP 

IP 

IP 

ID 

ID 

ID 

ID 

ID 

ID 

ID 

ID 

ID 

ID 

r«- 

r- 

c- 

r** 

r- 

c- 

00 

00 

00  00 

00 

00 

00 

oo 

OD 

CD 

O) 

0) 

a> 

o> 

0> 

c^ 

cy» 

a> 

o 

o 

o  o  o 

CM 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

03 

00 

00 

00 

00 

m  00 

00 

o 

00  00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

CD 

00 

00 

00 

00 

00 

00 

O' 

a> 

O'  O'  O' 

Oi 

o 


o 

IP 

U) 

€0 

z 


I  tp 


U  4 
•  < 

O) 

U  1 
U  ' 

•  < 

f  <  . 

.  (0 
^  n 

•  c<  < 

'  <  < 

I  ^ 

•  IP 

•  O  o 
<x  < 
D  < 

u  • 


8888888888888888888 


e  ' 

o 
o  ' 

• 

o  • 
u 

tf>  I 

u  < 
u  < 

IP 

u 

o 


O)  « 

^  n 
u  < 
u  < 


CM 


u  03  a 

u 


UJ  00 

03  '  ^ 

•  X  •  • 

Ui 

<10-1 
»-  fl.  <  • 

UJ  ^  -CM 

CD  <  IP  CD 
^  •  a.  •  -  *-»  • 

^  ^  ^  Z  I  ^ 

.  (j  o  <  uj  a  00 

-a  -♦-IQ  • 

-  fv  -4  a.  • 

^  uj  -I  CM  a 

•  o  <  «  u- 

X 


n 

CM 


X 

Z 

oc 


CM 

z 

o 

tp 

a 


z 

o 

IP 

OL 

OC 

CM 

z 

o 

tp 

a 


ip 

a. 

o 


< 

a 


CM 

< 

o 


tp 

Nl 


tP 

X 


oc 

X 

CL 


IP 

a 


CM 

a 

I 

Cl 


DC 

X 

a 


CN 

a 

I 

a 


n 

u 

< 

O' 

X 

X 

< 

. 

< 

a 

o 

a 

X 

. 

IP 

. 

-J 

z 

CM 

, 

< 

o 

< 

CL 

X 

NM 

o 

& 

• 

a 

z 

X 

a 

N 

• 

• 

< 

Z 

IP 

z 

1 

• 

u 

»«• 

• 

mm 

«>* 

mm 

Ui 

o 

-J 

X 

a 

• 

oc 

Z 

• 

z 

a 

Nl 

< 

M 

IP 

mm 

C3 

• 

• 

• 

Z 

I 

UJ 

< 

CM 

CM 

a 

a 

o 

z 

« 

IP 

X 

IP 

mm 

IP 

CM 

u 

CP 

CM 

a 

o 

CL 

O 

z 

o 

CM 

CP 

a 

a 

IP 

. 

IP 

♦ 

mm 

a 

4 

mm 

I 

a 

CJ 

u 

< 

< 

z 

Ui 

» 

z 

X 

«J 

a 

CM 

CM 

mm 

• 

> 

IP 

CP 

CP 

a 

CM 

CM 

a 

• 

u 

• 

< 

< 

« 

X 

CP 

CM 

a 

a 

a 

«j 

a 

X 

> 

a 

z 

* 

CP 

CP 

IP 

< 

IP 

IP 

< 

mm 

• 

ID 

• 

< 

CP 

•M 

CL 

o 

< 

• 

o 

O 

a 

• 

K 

a 

z 

♦* 

•• 

a 

mm 

CP 

CP 

1 

o 

o 

4 

o 

z 

IP 

CM 

• 

z 

• 

•M 

I 

1- 

CM 

• 

- 

Q 

X 

• 

• 

o 

IP 

X 

o 

< 

« 

< 

z 

u 

z 

a 

c; 

u 

n 

"m- 

I 

oc 

-J 

mm 

'm- 

z 

X 

X 

o 

• 

z 

X 

CM 

< 

< 

CP 

< 

* 

3 

< 

IP 

mm 

mm 

o 

u 

o 

< 

< 

CM 

fM 

a 

• 

UJ 

IP 

c 

a 

z 

z 

• 

CM 

• 

a 

< 

4 

1 

< 

a 

a 

Z 

a 

4 

IP 

IP 

• 

• 

• 

< 

< 

z 

K 

• 

CM 

O 

O. 

X 

-J 

a 

a 

a 

a 

X 

o 

a 

♦ 

< 

IP 

a 

a 

a 

w' 

CM 

4- 

a 

> 

Nl 

U4 

fp 

IP 

• 

< 

• 

mm 

►- 

o 

• 

o 

IL 

a 

-1 

CM 

a 

a 

z 

• 

N! 

* 

CM 

Nl 

NJ 

a 

Z 

IP 

IP 

CM 

mm 

mm 

z 

CM 

« 

• 

o 

I 

a 

• 

o 

O 

a 

CP 

CM 

o 

CM 

NJ 

X 

3 

a 

< 

NJ 

NJ 

CD 

m 

CP 

O 

IP 

1 

t 

o 

< 

CP 

o 

z 

»» 

a 

a 

mm 

• 

• 

O 

a 

CM 

o 

< 

mm 

X 

X 

X 

X 

Z 

o 

< 

M 

mm 

4 

IP 

3 

< 

u 

4 

IP 

IP 

o 

< 

u 

< 

< 

• 

Uj 

•M 

• 

< 

X 

ID 

CM 

• 

• 

a 

a 

• 

o 

• 

'"s. 

I 

* 

II 

It 

a 

♦ 

Z 

K- 

4 

3 

NJ 

X 

• 

• 

< 

< 

Ui 

I 

z 

CL 

IP 

a 

CM 

X 

• 

• 

N 

3 

z 

a 

o 

< 

a 

a 

a 

a 

X 

a 

4 

a 

a 

Z 

mm 

U4 

CM 

<• 

• 

< 

Nl 

mm 

a 

o 

< 

O 

• 

X 

a 

Z 

X 

X 

z 

z 

< 

a 

ID 

a 

00 

(T> 

CM 

IP 

4 

o 

a 

a 

a 

CM 

CD 

CM 

4- 

z 

CM 

O 

• 

• 

I 

CJ 

o 

CP 

a 

o 

a 

Z 

z 

o 

-1 

mm 

m- 

u 

♦ 

CM 

I 

mm 

a 

IP 

a 

4- 

IP 

4 

4 

o 

< 

u 

CP 

or> 

mm 

< 

CL 

• 

• 

a 

X 

oc 

a 

a 

3 

• 

• 

mm 

U 

u 

u 

U 

u 

CM 

a 

ID 

< 

* 

a 

a 

4 

CM 

NJ 

rs 

u 

< 

L> 

< 

n 

a 

X 

• 

< 

IP 

o 

< 

CL 

CP 

a 

a 

> 

Z 

a 

CM 

U 

u 

u 

u 

4 

3 

< 

CM 

4 

3 

X 

I 

3 

a 

z 

Z 

* 

• 

- 

< 

< 

• 

X 

-j 

< 

< 

IP 

I 

• 

• 

CM 

CM 

CP 

z 

• 

CM 

z 

3 

♦ 

4 

4 

>4 

4 

IP 

Z 

< 

CP 

< 

a 

o 

o 

o 

mm 

z 

a 

a 

Z 

X 

o 

o 

It 

r^ 

w 

» 

< 

CK 

UJ 

a: 

z 

• 

oc 

a 

CM 

o 

IP 

< 

Z 

♦ 

CM 

CP 

< 

♦ 

• 

CM 

< 

CM 

11 

IP 

• 

a 

a 

4 

a 

4 

4 

H- 

*P 

CM 

0> 

• 

I 

• 

O 

• 

z 

’9 

• 

a 

a 

• 

a 

a 

• 

-1 

• 

o 

• 

m- 

m- 

u 

Ui 

a 

< 

« 

< 

a 

a 

a 

a 

< 

< 

a 

> 

V 

CL 

< 

u 

CM 

00 

a 

IP 

• 

CP 

< 

IP 

CN 

X 

o 

X 

• 

• 

X 

» 

a 

3 

3 

u 

u 

o 

u 

(J 

Z 

O 

< 

a 

< 

C 

_i 

a 

CM 

1 

4 

CM 

< 

z 

Z 

o 

O 

< 

u 

< 

CP 

—I 

N 

< 

CL 

c 

» 

a 

a 

I 

z 

X 

X 

z 

3 

CM 

CM 

Z 

Z 

u 

u 

o 

y 

4 

o 

I 

« 

o 

* 

mm 

IP 

< 

IP 

M 

< 

1 

o 

o 

• 

< 

< 

< 

mm 

o 

• 

» 

CM 

O 

oc 

a 

Z 

z 

o 

-> 

IP 

mm 

• 

4 

4 

+ 

4 

4 

o 

u 

a 

a 

X 

a 

CM 

CM 

o 

o 

mm 

IP 

o 

IP 

4 

4 

K 

ID 

CM 

« 

< 

• 

- 

CO 

CM 

0. 

IP 

I 

< 

• 

a 

a 

a 

's. 

\ 

X 

a 

<0 

a 

00 

0) 

1 

W' 

O 

a 

o 

mm 

u 

z 

X 

r. 

Z 

M 

X 

> 

X 

o 

< 

00 

• 

L> 

IP 

z 

OC 

< 

* 

CL 

• 

CM 

CM 

a 

a 

CP 

IP 

10 

a 

y 

u 

u 

u 

a 

♦ 

X 

« 

I 

IP 

IP 

o 

♦ 

< 

a 

w 

< 

X 

z 

> 

z 

Z 

ID 

< 

u 

CM 

u. 

• 

> 

< 

• 

< 

* 

CM 

o 

CP 

CM 

< 

< 

< 

• 

• 

u 

u 

u 

u 

u 

Z 

IP 

a 

IP 

a 

a 

a 

a 

CP 

IP 

a 

a 

CP 

o 

z 

o 

o 

00 

U4 

< 

o 

< 

CD 

u 

z 

IP 

a 

o 

a 

CM 

a 

a 

a 

« 

4- 

4 

4 

4- 

o 

IP 

IP 

« 

o 

o 

a 

IP 

z 

z 

o 

Z 

o 

o 

o 

4 

z 

« 

< 

CP 

• 

- 

m 

a 

< 

• 

a 

< 

I 

• 

a 

a 

< 

< 

mm 

CM 

CP 

< 

IP 

o 

« 

• 

* 

— 

* 

a 

« 

IP 

♦ 

o 

z 

IP 

4 

4 

« 

iP 

< 

M 

• 

< 

< 

IP 

- 

c 

u 

O 

• 

oc 

X 

• 

• 

o 

O 

a 

X 

3 

U 

u 

u 

o 

♦ 

3 

»>« 

mm 

o 

IP 

X 

« 

o 

> 

IP 

IP 

IP 

NJ 

H- 

z 

< 

X 

IP 

CP 

• 

I 

CM 

• 

z 

X 

X 

\ 

a 

3* 

-1 

u 

U 

o 

o 

o 

a 

3 

3 

3 

Z 

IP 

IP 

a 

3 

(J 

• 

z 

a 

IP 

o 

z 

X 

NJ 

>• 

3 

• 

u 

CM 

» 

Z 

M 

UJ 

a 

CP 

IP 

oc 

O 

a 

Z 

z 

z 

z 

z 

• 

— i 

4 

w 

w 

w* 

lO 

Z 

Z 

Z 

II 

a 

a 

a 

Z 

II 

II 

J 

IP 

II 

II 

mm 

mm 

1 

O 

> 

u 

< 

oc 

o 

• 

oc 

z 

< 

c. 

• 

< 

oc 

a 

a 

o 

3 

o 

a 

II 

ti 

II 

11 

11 

II 

1* 

II 

II 

fP 

o 

o 

mm 

II 

a 

a 

II 

II 

a 

a 

II 

II 

II 

II 

II 

OC 

z 

• 

< 

z 

a 

UJ 

• 

z 

* 

a 

• 

o 

CP 

a 

a 

z 

Z 

z 

CM 

-i 

IP 

ID 

a 

00 

7> 

o 

CM 

n 

W' 

CP 

< 

< 

in 

ID 

a 

a 

00 

O) 

o 

mm 

CM 

CD 

• 

c 

• 

n 

z 

M 

• 

CM 

z 

a 

O 

X 

CM 

CM 

CP 

z 

z 

z 

a 

< 

-w' 

CM 

CM 

r. 

CM 

r‘' 

CM 

(p 

r> 

CP 

n 

CP 

CP 

CP 

CP 

CP 

CP 

CP 

CP 

CP 

< 

< 

< 

3 

X 

ID 

< 

o 

UJ 

NJ 

a 

< 

o 

z 

a 

oc 

a 

CM 

o 

o 

o 

I 

Uj 

II 

< 

4 

< 

< 

< 

< 

< 

< 

< 

a 

a 

a 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

IP 

z 

u 

CM 

< 

o 

CL 

z 

o 

oc 

CL 

< 

• 

• 

a 

a 

o 

u 

o 

a 

a 

X 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

mm 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

CM 

+ 

4 

+ 

+ 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

uj  z 


o 


iU 

Z 


D 

O 

DC 

W 

o 

(p 


tp 


o  IP  o 

CM  CM  n 


IP  O  IP 

CO  < 


O 

IP 


319 


UJ 

O 

< 

d 


in 

c* 

<N 

in 


CD 


cc 


O) 

O 


OOOOOOOOOOOOOOOQOOOOOOOOOQC 

-  “0)O^cN«^in<0f^«)a‘O'^<Nc^^in<0f^03<y>PT 


in  ID  h'  00  , 

o  o  o  o  o 


cs  r)  ^  in  (0  09  I 

WCMCNCNCCC^CMCNCNCCDD 

888888888888888888888888888 


O 

in 

CD 

4> 

00 


a 

o 

o 

CO 

00 


o 


UJ 

2 


3 

o 

a 


tt 

n 


CD 

(*)  •  u. 

<  IL  — 

«  CO  n 

•  c^  o 
in  u  u 
n  o  • 

<  •  oc 

<  a  ^ 

•  o  n 

U.  CM  o 
^  O  CJ 


C5 

U 

• 

< 

- 

o 

< 

CM 

CO  • 

A 

• 

CM 

u 

0 

tt 

ij 

V 

0) 

0 

< 

CO 

o 

» 

CO 

CO 

< 

< 

CO 

• 

a> 

< 

< 

< 

< 

< 

«•» 

CM 

< 

< 

. 

t 

4 

< 

CM 

(J 

+ 

♦ 

0 

3 

• 

u 

V 

0 

CO 

PJ 

(J 

m  ^ 

CO 

< 

t 

CO 

• 

O  0 

< 

r 

< 

Oi 

< 

CM 

CM  CO 

< 

4 

i— ^ 

CO 

< 

Mf 

V  u 

* 

3 

< 

• 

< 

(J  u 

•J 

tt  u. 

< 

tt 

u. 

tt 

u. 

< 

tt 

0 

< 

•  * 

r-  h* 

< 

Mf 

1 

r- 

4 

0 

» 

U.  u. 

CO  n 

CO 

CO 

CO 

CO 

CO 

« 

•• 

C*  0 

0  <  < 

CO 

< 

< 

0  0  < 

< 

0 

0 

< 

CM  <0 

3  0 

<  < 

3  CO 

< 

< 

CO 

CO 

< 

< 

CO 

CO 

< 

Z 

< 

U  (J 

Z  < 

♦  ♦ 

Z 

< 

4 

4 

< 

< 

4 

4 

< 

< 

» 

« 

< 

U  (.^ 

4- 

<33 

4 

<33 

< 

<  3 

3 

< 

< 

tt 

— 1 

- 

« 

Z  Z  CM 

at 

4 

Z 

z 

CM 

4 

4 

z 

Z  CM 

* 

< 

< 

6 

tt  tt 

3 

4  + 

Mr 

CO  3 

1 

I 

<33 

4 

4 

< 

3  CO 

CO 

• 

0 

<  Z  tt  U. 

< 

<  z 

tt 

u. 

<  -J  Z  tt 

il. 

< 

-i 

0 

< 

3 

< 

CM  CO 

< 

•f 

MT  < 

< 

< 

1 

h- 

r«» 

< 

1 

4 

< 

< 

< 

4 

< 

< 

-i  <  (J  u 

W  -CO 

O  CD  '  • 

»  (*)  ID  ^ 

K  <  CM  CO 

c  <  c  c 

-  U  C  -  -J 
ui  00  >  *30 

2  w  in  CO 

I  <  CM  CO 

•  CJ 
I  o 


in 

o 

< 
3  < 
Z  « 


COCOCO  I  +  CDCOCO*CJ>CO 
(*5<<O00C0<<DC0C0 

<<<5rci<<<z<< 

<ww<<<-ww>f<< 

<<W«  ♦ 


>-  <  c 
3  •  o 
o 
a 
0 
D 
in 


'  m 
I  0 
)  -j  < 


cn  CM 

<  u 

<  c 

>f  + 


<  CM 

u/  C 

a  o 


-I  -J  D 
-j  ^  w  S 
^  m  in 
I/O  GO  0  in 
0  <  <  0 
<  It  It  < 
It  tt  ti 
CM  CO  CO  V 
CM  CM  CM  CM 
(J  O  U  U 
(j  ij  o  o 


-l«iww<SJwwS2 
in  in  w  w  w  m  in 
0  0  m  in  in  0  0 
<  <  0  0  0  <  < 


^  CM 
CO  n 

<  < 
<  < 

CO  CO  I  ♦ 

<<^<3ZZZ 

^  w  <  <  as 

<  w 


in  in  0  0  m  in 
0  0  <  <  0  0 
<  <  II  II  <  < 

tt  u. 
r*  r- 

CM  CM 

(J  u 
L>  u 


in  in 
0  o 
<  < 


tn  0  1 

CM  CM  I 

u  a  I 
o  CJ  I 


0  m 

I  CM  CM 

I  (J  u 

(j  a 


n  tt  1^  >1  « 


CM  CO 
n  CO 

o  u 
u  u 


♦  3 
3  -I 
-I 

in 
in  0 
0  < 
<  H 
»  tt 
^  0 
CO  CO 

u  u 
u  u 


*  o 

z>  ^ 

^  < 

w  < 

I/)  w 

0  in 
<  0 
«  <  2 
ii.  f<  tt 

0  0  D 
CO  CO  ♦-  o 
u  {J>  w  Z 
0  U  tt 


O 

CM 


0 

CM 


320 


c 

a 


in 

CN 


in 


o> 

00 

o 

O 

o 

o 

o 

o 

o 

o 

2 

o 

o 

o 

o 

o 

o 

O  O  O  Q  O 

o 

o 

o 

o 

O 

O 

O  O 

oooooooooooo 

o  o  o  o 

o  o 

o  o  o 

o 

o 

o  o 

o 

o  o  o 

\ 

<N 

n 

m 

IP 

00 

at 

o 

X— 

CN 

CO 

NT 

in 

<0 

00  Oi  O  ^ 

CN 

C3 

in 

IP 

H 

00  a> 

O 

CN  P) 

^  in 

ID 

H  00  OP  O 

CN 

CO 

in 

IP  p* 

00  OP  O 

CN 

Cl 

in 

Ip  r-  00 

1^ 

r> 

n 

CO 

fO 

C5 

n 

n 

n 

Nt 

NT 

^  ^  ^  m  in 

in 

in 

in 

in 

in 

in 

to  tn 

IP  IP  IP  IP 

IP  IP  IP 

IP  IP  ID  H  H 

pB 

PB 

PB 

pB  pB 

P*  pB  CO 

00 

00 

00 

00 

OD 

00  00  OD 

CN 

0) 

0) 

a» 

0) 

o» 

0) 

Oi 

CO 

0) 

0) 

0> 

O) 

Oi 

0)  0)  0)  0)  0) 

cn 

cn 

9 

cn 

O) 

0^  (j)  cn  o> 

o> 

Oi 

P>  OP  Op  pP  OP 

OP  OP 

0>  OP  OP 

OP 

OP  OP 

OP  OP  O' 

OP 

OP 

OP  OP 

OP 

OP  OP  ^ 

\ 

0» 

8888888888888888888888888888 

88888888888888 

o 

o 

88888888888888 

O 

PC 

XX 

4  'X 

4  in 

c 

M  a-a. 

B 

Ik 

CN 

4 

a-k  lo 

03  * 

in 

4  O  UJ 

• 

• 

> 

* 

CN 

tn 

C9  Ul 

U  X 

4 

NJ  in  NX 

a 

CN 

z 

(M 

k 

o 

tn  Xa 

*  z 

o 

Z  4  W 

in 

B 

B 

o 

B 

o 

UJ 

3 

c> 

4  W 

X  o 

4 

X 

O  >  4 

< 

< 

o. 

X 

z 

a 

in 

Z 

4 

>  4 

z  < 

X 

rsi 

4  z  03 

< 

< 

X 

a 

a 

fO 

< 

PC 

B 

4 

> 

Z  C3 

O  W 

z 

XX 

a-k  O  U 

• 

m 

N 

B 

«x 

a 

< 

(a. 

a 

z 

o  in 

w  4 

o 

4 

03  4  4 

C») 

n 

CN 

o 

o 

H* 

UJ 

u. 

X 

CN 

o 

4  1 

W  fsl 

kaa- 

o 

CP  03 

O 

in 

B 

M 

z 

< 

Ui 

00 

CN 

B  NB 

M 

CL 

4 

C3 

«  z 

4 

u 

4  y  -X 

in 

< 

< 

& 

M 

z 

00 

X  2 

XX 

o 

u  ^ 

o 

o— * 

4 

>•  4  CN 

IP 

• 

< 

< 

lAJ 

B 

CP 

< 

a 

X 

a 

■ 

z  o 

B 

UJ 

in 

4  CN 

PJ  4 

o 

x» 

Z  X  4 

00 

« 

• 

in 

X 

CN 

tt 

c 

CN 

UJ 

X* 

u.  in 

• 

O 

4 

X  4 

w  ^ 

in 

Ul 

o  z  « 

00 

IP 

CN 

IP 

•B4 

> 

X" 

a 

< 

X 

o 

u.  Pc 

in 

Ui 

X 

z  « 

XX  O 

4 

X 

4  O  NJ 

u  w 

in 

< 

• 

M 

NX 

CN 

♦- 

a 

< 

a 

r> 

X 

in 

z 

O  NJ 

4  in 

XX 

05  w  Z 

u 

o 

< 

< 

a. 

B 

X 

< 

Ui 

a 

CN 

CN 

I 

XX 

o 

wZ 

♦ 

UJ 

^a 

in  w  o 

• 

u 

< 

• 

N 

CN 

Q. 

z 

00 

< 

in 

00 

Ub  CN 

a 

B 

X 

• 

wO 

e  > 

X 

4 

4  4  1 

z 

u. 

• 

m 

N 

X 

a 

z 

B 

a 

NX 

B 

•  2 

♦ 

X* 

a 

4  1 

tn  z 

XX 

NJ 

X  CN 

K 

u. 

IP 

•X 

x» 

< 

z 

X 

x» 

X  c 

LU 

4 

^  CN 

4  O 

4 

z 

Z  X  4 

u. 

<M  in 

in 

< 

« 

a 

u 

CP 

< 

Ul 

p. 

00 

Z  in 

o 

Ul 

CN 

N 

X  4 

>  o 

o 

O  NJ  « 

u 

n 

< 

< 

a. 

PC 

a 

K 

X 

o 

B 

PC  PC 

B 

xx 

< 

z 

rsj  4 

Z  4 

cv 

4 

1  XX 

u 

u 

< 

• 

UJ 

Ni 

a 

CN 

a 

• 

CN 

u. 

a 

a 

o 

O  05 

4 

W  1  O 

• 

u 

0 

r> 

UJ 

UJ 

CN 

"0 

Ul 

CN 

a 

CN  O 

< 

X» 

z 

4 

•  c 

4  CP 

05 

CN 

4  ^  y 

tt 

o 

IP 

*x 

•X 

z 

a 

D 

< 

NX 

u. 

a 

W 

< 

XK 

^  CP 

05  4  xx. 

o 

4 

a 

in 

< 

a 

a 

o 

X* 

a 

« 

X 

B 

u.  2  00 

z 

M 

^  4 

CP  X  CN 

4 

4-  or  > 

CN 

U) 

< 

< 

< 

o. 

•0 

« 

z 

a 

•  <5  in 

< 

M 

UJ 

o  > 

4  Z  4 

05 

UJ  u  z 

o  n 

< 

• 

< 

K 

X 

< 

a 

< 

Qb 

o 

a 

X  •in  • 

B 

z 

UJ 

CP  Z 

X  O  4 

"X* 

U 

UJ  4  o 

u  u 

• 

CN 

* 

X 

N 

o 

0. 

B 

a 

ik 

Z  X  pc  N 

B 

XX 

,XK 

XX 

4  O 

S  O-Xk 

UJ 

4 

►X  >.  4 

N 

• 

u 

u. 

IP 

a 

wx 

UJ 

o 

•J 

X 

Q. 

a 

a  z  -z 

u. 

X 

in 

CO 

1 

^  + 

o  W  03 

UJ 

•  Z  05 

Z 

IP 

• 

Oi 

< 

«»* 

B 

B 

z 

X 

Ul 

< 

CN 

CN 

U.  U.  PC  O 

X 

w 

X- 

z  o 

wxix  in 

*X* 

Ui 

4-  o  tn 

CN 

< 

a 

o 

P: 

a 

z 

NX 

<3 

CN 

Cl  PC  O  M 

in 

»a« 

4 

< 

N 

O  tn 

4  4  4 

1 

X 

NN  O  * 

Ul 

O 

o 

< 

• 

< 

z 

UJ 

B 

z 

T 

a 

CN  CN  *-  •  O 

• 

CN 

< 

< 

N 

o  « 

N  4“  > 

4* 

XX 

Nj  4  X 

2 

u 

u 

< 

B 

X 

of 

n 

CN 

a 

a 

UJ 

u 

Ua  ^  I  >  • 

PC 

B 

X  X 

0. 

4 

4 

XX 

'  X 

Z  UJ  z 

N 

4 

NX  03  Z 

O 

• 

u 

• 

IP 

• 

n 

•X 

a 

o 

< 

a 

o 

o 

UJ 

•  K  CL  Z  > 

X- 

x» 

X  X 

< 

PP 

n 

w 

o  z 

0X0 

Ni 

w  in  o 

00 

in 

* 

tt 

< 

o 

z 

• 

NX 

X 

H- 

CN 

B 

a 

o 

X  *-00 

in 

3 

1 

o 

o 

4 

in  o 

4  XX  4 

CN 

4  4  1 

CN 

n 

0) 

< 

X 

ee 

aJ 

NX 

x» 

Z  X  X  o  • 

• 

Z 

X 

I 

XX. 

4  1 

^  1  o 

4 

4 

^  X  WB 

UJ 

U 

n 

• 

< 

CN 

M 

a 

a 

UJ 

in 

NX 

O 

u.  z  Z  -X 

CN 

B 

PC  Ub 

a 

a 

PC 

o 

X  w 

X-  y 

03 

05  Z  w 

z 

u 

u 

< 

o 

< 

z 

M 

a 

CN 

o 

a 

X 

a 

a  u.  u.  X  o 

o 

in 

X  X 

in  in 

X 

in 

4 

4 

in 

Z  w 

rvj  Nl  4 

X 

in 

mo* 

O 

• 

u 

< 

IP 

• 

a 

X4 

o 

• 

o 

a 

UJ 

(N  PC  Ub  Z  ' 

• 

IM 

X  X 

n  CP 

X 

V 

3 

4 

o  ♦ 

Nj  Z  X 

X 

4 

♦  o 

< 

V 

* 

< 

o 

B 

o 

X 

a 

a 

o 

O 

UJ 

C3  CN  o  N 

CN 

XX 

\'>a  CP  CP 

< 

Z 

> 

o  - 

•-I  o  z 

XX 

>  >  NJ 

CN 

CN 

9 

< 

IP 

z 

X* 

»- 

a 

a 

NX 

. 

B 

o 

U.  CN  ^  O  O 

< 

B 

CP  u 

<«-• 

XX 

< 

< 

t 

z 

W  PJ 

1  o  D 

z  w  UJ 

(M 

u 

<*) 

Nf 

• 

< 

a 

UJ 

NX 

a 

< 

X 

IP 

CN 

B 

-  1-  •  • 

o 

N 

n  ^ 

4  + 

IP 

I 

k 

< 

o 

4  UJ 

^  1 

WB 

NJ 

O  '  NX 

X 

u 

U 

< 

a> 

< 

M 

UJ 

X 

X- 

z 

a 

in 

a 

CN 

X  •  -  M  >  Z3  Z 

z 

n  n 

PC  Ub 

PI 

a 

CO 

4 

in 

o 

k  XX 

X  1 

4 

Ni 

. 

CL 

» 

o 

< 

in 

« 

fSI 

X4 

a 

o 

< 

o 

B 

X 

a 

Z  X  X  z  o  z  < 

B 

CP  u 

CP 

o 

o 

PP 

4 

4 

03  1 

X  03  CN 

XX 

^k 

c 

4  05 

Q 

u. 

• 

• 

< 

00 

• 

B 

B 

X 

o 

o 

n 

a 

o 

u.  Z  Z  O  • 

B 

> 

CP  u 

n  r> 

CP 

X  CN 

Ik 

o 

in 

NX  U  4 

05 

4 

o 

in 

03  m  NJ 

n 

u. 

1^ 

< 

IP 

M 

< 

p: 

• 

a 

u. 

u 

X 

PC  PC  U.  •  X  D 

• 

2  CN 

+  4^ 

u  u 

4 

in 

PC  CL 

o 

3 

u 

4  PJ 

w  4  4 

o 

in 

4 

CP  ♦  z 

CN 

• 

< 

a 

X 

♦- 

a 

in 

o 

< 

a 

n  PC  u.  >  o  Z 

ik 

a 

<  CN  0)  O  CP  CP 

CN 

O  00 

4  U 

X 

Z 

4 

>  z 

4  >B  Nl 

« 

X 

4 

*  >  o 

in 

u 

n 

< 

00 

< 

B 

X 

u 

< 

m 

X 

B 

B 

CN  CN  Cl  Z  • 

a 

CN  Z 

X  Q 

« 

CN  r> 

4-  4 

PP 

K  < 

CN  UJ 

PC 

4 

X 

z  o 

z  z 

> 

X 

Ni 

X  z  o 

n 

u 

u 

< 

in 

• 

o: 

M 

UJ 

PC 

z 

a 

PC 

U.  CN  O  > 

-J  in  <  z  z 

« 

CP  CP 

a  Ub 

CP 

>v 

CL  O 

W' 

UJ 

z 

o  o 

03  o  O 

z 

XX 

X 

Ui 

Z  O  4 

K 

■ 

o 

* 

< 

I 

a 

o 

• 

z 

B 

a 

a 

•  HI-  •  X 

aj 

• 

o 

a 

<  3  C?  CP  H  H 

CP 

O  IP 

o  • 

4 

Z 

o 

4  4 

O  4  w 

o 

1 

fSI 

XX 

O  4  B-k 

0. 

Ul 

p: 

■ 

IP 

& 

y) 

a 

o 

< 

in 

CN 

X 

o 

X  '  -  X  • 

a 

a 

B 

CIJ  Z 

+ 

CN  CN 

4 

o  ^ 

X  in 

3 

o 

o 

05 

4  0  4 

4 

XX 

4 

O  03  03 

o 

tt 

fO 

a 

• 

< 

bJ 

M 

< 

q: 

C5 

a 

u. 

a 

X 

ZXXZXSCNCNZ 

a 

in  IP  CP  CP 

00 

B— k 

< 

a  NX 

Z 

CO 

CP  05 

>  in  — 

03 

Ui 

4 

03 

CP  CP 

I 

CN 

< 

h* 

< 

< 

o 

• 

« 

CN 

O 

PC 

PC  Z  Z  O  X 

aJ 

in  «-« 

B 

X- 

CN  CN  CP  CP 

CN 

e*p 

X-X  < 

♦  I 

4 

4 

4 

4  U 

Z  4  X 

in 

Ui 

03 

U 

4  4  4 

1- 

CP 

n 

< 

in 

• 

B 

B 

OD 

CN 

a 

in 

X 

< 

B 

apcpc^w^X3< 

CP  CP 

4  4 

CP  z  o  « 

PC  CL 

N 

UJ 

x» 

X  4 

O  X  NJ 

4 

XX 

CP 

4 

X  >- 

o 

< 

u 

u 

• 

< 

u. 

u 

in 

z 

PC 

a 

PC 

a 

CN 

CN  PC  U.  n  CN 

in  ID  a  z  o 

>aB' 

CP  u  cr  Ub 

CP 

« 

•  PP 

CN  1 

z 

z 

X 

z  > 

OS  ^ 

X 

kva 

4 

4“ 

X  z  z 

IP 

* 

o 

u. 

< 

IP 

B 

> 

< 

a 

< 

a 

CN 

o 

n  CN  <  < 

< 

< 

• 

• 

Z 

♦ 

+  -f 

n  n 

+ 

ru  O  O 

(/>  CN 

o 

o 

^••k 

X 

o  z 

4  O  I 

z 

W 

XX 

X 

X  o  o 

o 

Ui 

CN 

• 

in 

♦ 

IP 

flO 

-J 

x» 

z 

in 

CL 

o 

U.CN  —  HH 

H 

H 

•J  < 

CN 

CN  CN 

NT  Z  UJ  X 

w  < 

o 

<  z  z 

XX 

W  o 

03  «  ^ 

o 

4 

UJ 

Ni 

NX  W  4 

Z 

CN 

o 

IP 

< 

B 

B 

a 

PC 

< 

a 

u. 

4t 

X 

•  H  H  <  < 

< 

< 

M 

bJ 

CN  CN  CP  CP 

CN 

•  o: 

♦  o 

CN 

4 

4 

< 

< 

♦  4 

in  w-x 

t 

B— . 

X 

XX 

^  *  o 

bX 

fj 

o 

< 

in 

< 

< 

m 

»- 

a 

c 

CP 

O 

a 

p: 

X  •  •  O  O  O  O  X 

- 

B 

CP  CP 

U  CP 

CP  tn 

i-i  « 

3  Z  O  1/) 

N 

C3 

o 

4 

rsi  05 

4  4  0 

Xaa 

03 

XX 

1 

♦  Nl  tn 

h* 

1- 

(J 

CP 

< 

< 

■ 

X 

in 

D 

B 

NX 

I 

CN 

B 

z  X  X  ^  a 

3  CN 

4- 

CP  U 

W' 

CP  03  X  3  CN 

z  < 

1 

rsi 

in 

C3 

Z  in 

X  ^  OP 

in 

WB 

03  Z  * 

X 

• 

CP 

B 

< 

a 

z 

NX 

Ul 

CL 

D 

in 

o: 

o 

XB 

a  z  z  z  z  2  2 

B 

bJ  Z  3 

n  II 

Xatr 

< 

CL  Z 

O 

11  «J 

II 

XX 

t 

in  2  O 

o  ♦ 

Z  O  4 

4 

in  o  X 

o 

» 

tt 

• 

IP 

o 

B 

tt 

z 

< 

a 

a 

< 

o 

ocuapcooooa 

B 

It  li 

D:  Ub 

II 

II 

O  l> 

o 

II 

PC  w 

u. 

II 

II 

o 

XX 

11 

X 

o  in  > 

II 

> 

II 

II 

II  w  z 

a 

CN 

0> 

in 

in 

Ip 

z 

a 

UJ 

Z 

a 

u. 

a 

o 

nuaw  ZZZZCN.1 

'W' 

n  ^ 

in  in 

IP  H 

W  00 

H 

00  OP  in  OP  o 

CP 

in 

CN 

4  Z 

O  4  z 

Cl 

z 

tn 

IP  ♦  o 

00 

U 

CN 

in 

< 

z 

Nl 

B 

CN 

z 

a 

O 

X 

CN  CN  n  z  Z  Z  Z 

X  Z 

II 

V 

^  o 

in 

in 

II 

II 

in 

X.  O 

•  H  o 

in 

o 

in 

tn 

in  —  I 

D 

CP 

u 

< 

< 

< 

o 

Ul 

M 

P. 

< 

u 

X 

a. 

PC 

Ua'^-CNOOOOIUJ 

a 

X 

<  < 

<  < 

< 

< 

u.  < 

O  < 

<  u 

< 

< 

<  O  C3 

< 

UJ  < 

W  Z  4 

< 

4 

< 

< 

<  Ui  WB 

lU 

in 

• 

o 

< 

< 

B 

CP 

NX 

PC 

z 

o 

PC 

PC 

< 

B 

•  u.  H  O  U  CP 

u  a 

PC 

X 

<  < 

<  < 

< 

< 

•-4  < 

o  < 

<  ♦ 

< 

< 

< 

a 

in  < 

X  W 

♦  O  03 

< 

<5 

^«k 

< 

< 

<  X  4 

U) 

+ 

•f 

4- 

+ 

4* 

4- 

4- 

4- 

•L 

+ 

4- 

4-4  4 

4* 

*•“  CN 

Cl  ^  in 

CN 

•-  CN 

SUBROUTINE  ATHR 

in 

o 

in 

o 

in 

O 

tn 

CN 

o 

in 

o 

in 

X* 

CN 

CN 

CO 

PI 

in 

in 

321 


SUBROUTINE  ATHREE  74/860  0PT»1  FTN  4.8+650  09/27/89  15.21.25  PAGE 


cs 


o  o  o  o 

o  o 

o 

o 

o  o 

o 

o 

o  o 

0 

0  0 

0000 

0 

0 

0 

00 

Oi  C  CM 

n 

10 

to 

00 

0> 

o 

CM 

rt 

10 

to  00  01 

0 

ot 

CO  ^ 

00  0)  0)  0> 
0)  0>  CJ^  0) 

0>  0) 
01  cn 

01 

01 

01 

01 

Ol  01 
0>  01 

o> 

01 

g 

S8888888000 

0 

0  0 

8888 

g 

888888 

o 

60600 

0000 

0  0 

0 

0  0 

o  o 

o 

w  O 

(j  in 

(j 

«  w 

*  « 

« 

♦ 

K  X  O 

4»“ 

X  N 

s  z  ♦ 

X 

N  Z 

O  O  X 

ru 

4-4  O 

w  •  Z 

w 

4  • 

ww  O 

1 

^  o 

CM 

X 

> 

<5 

o  u 

4 

0 

0 

M  + 

to 

<J  4 

4 

4 

4 

M  Z 

* 

♦  > 

UJ  O  O 

>  z 

o 

z 

z 

M  O 

rsi 

z  o 

V 

4 

4 

C9  « 

UJ 

o  o 

4 

N  «/> 

4  1 

> 

0 

0 

Z  *  UJ 

o  o 

z 

to 

15 

O  >  K 

« 

to  lO 

o 

4 

4 

*  Z  M 

IM 

*  * 

4 

^4 

IN 

o  * 

z 

X  X 

o 

z 

^z 

o  a 

o 

z  z 

to 

0 

0 

1/)  4-  CM 

« 

o  o 

4 

0 

a  0 

0. 

«  o  • 

1  o 

X 

1 

I  4 

I 

>  U  C5 

CM 

w  w 

z 

0 

a  V 

c 

Z  ♦  ^  10 

4 

«  « 

o 

u 

^  to 

O  K  4-*  « 

^  «p« 

4 

<  ♦ 

< 

4  Z  M 

o 

c  N 

w 

CM 

4  W 

4 

0  0  4^ 

o 

to  UJ 

1 

♦ 

a  4 

0. 

U  O  4  UJ 

* 

4  M 

CM 

4 

CM  4 

CM 

*  UJ 

>  4 

4 

M 

4H  N 

»-l 

X  ♦  O 

z  ^ 

4 

z 

z  z 

I 

z  ^  lO  1 

Ul 

o  o 

0 

a  0 

0. 

o  UJ  *  '*- 

UJ 

4  to 

o 

« 

w  X  >  N 

O  4 

to 

u 

< 

7t  <5 

< 

to 

«  ^  Z  ^J 

t 

V  > 

4 

to 

0 

0  0 

0 

0 

—  1  o  « 

4  Z 

>- 

4 

z 

U  4 

z 

15 

^—44 

IN 

X  o 

z 

> 

< 

4  > 

< 

1 

ISJ  fsj  c  ^ 

fN 

z  a 

o 

z 

U.  z 

•J 

— 

rsi  Z  (J  X 

M 

o  • 

4 

0 

-w 

0 

■W 

— 

1-4  o  ♦  X 

1 

'N.'  o 

c 

4 

z 

to  4 

to 

c. 

'  O  X  « 

*  u 

u 

X 

►1 

*  X 

0 

I 

-  1  z^ 

X 

« 

4 

z 

to 

3  Z 

15 

0. 

X  '^0>^ 

X 

X 

X 

0 

4 

z  0 

4 

X  O  w  * 

X  z 

z 

4 

cs: 

4  4  • 

a 

< 

M  1  •«-> 

o 

X  o 

o 

0  15 

15  15 

4 

W  ♦  tM  O 

4 

o 

u 

M  o 

w 

u  u 

to 

to  to 

to 

Cl. 

4  >  ♦  u 

o 

u 

* 

1  1 

4 

4 

a  4  4 

4 

CM 

-hZ  4  4 

to 

41 

N 

4 

CM  4 

3 

I  CM  IN 

3 

N4 

O  O  rw  > 

# 

fg 

UJ  Z 

#  NJ 

z 

a  4  z 

z 

I 

U  4  z  Z 

X 

UJ 

UJ  O 

UJ 

4  Z 

1 

-»  *  0 

4 

0. 

4  e  o  o 

Ul 

IN 

•>4  4 

X 

>  0 

<  X 

^• 

>  (O  w  •f 

X 

4 

•X 

Z  4 

c  0 

4  z  4  15 

z 

Z  4  4  O 

►M 

1 

o 

4  o 

1 

0  ^ 

15 

to  < 

a  0  to 

< 

O  X  •«-  lO 

o 

to 

N  u 

'  u 

0 

CM  1  15 

0  0 

to 

O  Z  X  4 

10 

4» 

Z  4 

W  CSC 

4 

4 

z 

4^  W  O'  4 

u  z 

4 

4  o  N  X 

<M 

♦ 

o  > 

o 

4  4 

< 

14  4--- 

4 

< 

u. 

C5  I  «  Z 

w 

X 

o  z 

to 

15 

<5  -1 

a  ^  u 

lO  w  •  O 

« 

IN 

Ni 

4  o 

4 

•- 

15  Z  tt 

a 

w  0  z  a 

u 

W' 

to 

♦  41  » 

UJ 

^  4 

> 

N 

a  4 

4 

4 

to 

Z  0:  4  4 

CE  Z 

4 

X  '^4-.'  W 

o 

w 

N  O 

Z  N 

4 

0 

* 

4>4 

3 

z  o  o 

to 

N  to 

o 

•H 

CM  Z  Z 

15 

to  ^  CM  z 

to 

z 

O  lO  u 

« 

1 

M  ♦ 

4 

z  • 

1 

1 

11 

11  z  •  • 

z 

II 

II 

z 

O  4  ♦  N 

> 

w 

II 

i»  X 

o 

M 

II  H 

1) 

11 

0; 

tk  II  II  M 

It 

cs; 

u. 

CE 

•  >  >  K 

z 

00 

01 

o  z 

u 

CM  CO 

10  to 

to  CO  01  0 

+1— 

3 

wZ  Z  10 

o 

10 

10 

10  O 

4 

10  10  10  to  10  to 

to  to  to  to 

r»* 

r- 

»-  0 

*  o  c  < 

4 

< 

< 

<  » 

X 

< 

<  < 

< 

< 

< 

<  <  <  < 

< 

< 

< 

UJ  Z 

4  4  < 

o 

< 

< 

<  W 

z  <  <  < 

< 

< 

< 

<  <  <  < 

< 

< 

< 

tt  UJ 

n  ^  10 

4- 

<M 

CM 

O 

<0 


10  O 

<p 


10 


O 

00 


322 


i 


ooooooooooooooooooooooooocooooooooco 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

oooooooooooooooooooooooooooooooooooo 


0  < 

<  < 

C 

u 

»  ^ 

o 

u 

o 

o 

N  0  -  U. 

4> 

* 

o 

u 

o 

O  <  0  0 

C3 

3 

4 

* 

0 

•  <  n  0 

0 

z 

o 

3 

0 

>  •  u  u 

« 

1 

0 

z 

+ 

o  fO  U  *0  ► 

3 

c 

♦ 

0 

•  0  -  -0 

Z 

0 

3 

0 

X  <  a  ^  a  M 

w 

Z 

0 

O  <  C*>  U  0  X 

« 

« 

•  » o  o  0  a 

rsj 

N 

« 

« 

Z 

3  CM  o  •  o  - 

O 

O 

Nl 

Z  0  •u-  u  ^ 

* 

« 

O 

O 

u. 

•  <  r*^  0  •  o 

•» 

« 

* 

^<0^0  • 

u 

o 

O  •  o  U  0 

tt 

tt 

o 

u 

a  ^  o  u  u  < 

♦ 

oe 

or 

•0  •  *00 

« 

* 

**  4  *  z 

z 

z 

Z  <  ^  0  ^  < 

4-  A 

+ 

z 

z 

•  h*  ^  0  J 

0  r*>  0  0 

0  Mf  0 

4 

4  A 

«  O  <  IJ  U  • 

0  0  0  0 

0  0  0  0 

0  r*  0  0> 

CM  0  MT  0 

H  0  <  U  (J  U. 

<  <  <  < 

<  <  <  < 

0  0  0  0 

0  0  0  0 

o  <  -  • 
»-  <  tt  in  I 


<  <  <  < 

I  I  t  < 


<  <  <  < 


<  <  <  < 
<  <  <  < 


r*  r*  • 
)  <  <  10  < 
)  <  <  in 
:  ♦  ♦  <  . 
I  3  D  <  . 

^  Z  Z  w. 
+  +  ♦ 

)  a  u.  3  : 

:  ID  IP  z  : 

IPIP4 
>  <  <  < 
>  <  <  10  < 

[  •w'  w*  ^  < 


in 

)  IP  tt  U.  I 
:  <  ^  t 
;  <  ‘ 
♦  <  <  « 
I  -j  <  < 

I  -j  •  I  : 
<  W  CK  U.  . 
♦  <0  10  > 
I  3  IP  IP 

:  z  <  <  : 

+  <  <  j 

I  o  *  ♦ 

I  r-  3  3  < 

:  <  Z  Z  < 

:  <  w  w  . 


i  Z  Z  < 

i  <  < 

•  c>  o  in  I 

}  w  w  CO  ( 

j  in  z  <  « 

o  t<  I 

)  o  in  I 

[  N  II  n  I 

I  o  c  u  I 

:  u  in  o  I 


I  ^  ^  ^  u  ^ 


/  w  i/)  in  ' 

I  in  in  in  00  0  I 
I  CD  m  m  <  <  I 

:  <  <  <  H  II 
«  Ir  If  o;  IL 

I  n  ^  in  IP  IP  I 
■  ^  ^  ^  ^  ^ 

I  U  U  O  O  U  I 
I  O  U  O  U  U  ' 


i  V  in 
i  in  in 

:  <  < 

[  <  <  ^ 

>  o)  o  a 

>  IP 

:  <  <  r- 
;  <  <  < 
♦■  ♦  < 

>  3  3  ♦ 

»  -»  J  3 

Z 

♦  ♦  + 

I  3  3  tt 

:  z  z  10 

>  n  in  < 

>  0  10  < 
:  <  <  w 
:  <  <  ♦ 

♦  ♦  3 
>33-1 

I  -Ij  w 
r  ww  in 

>  in  in  m 
I  0  ffi  < 
:  <  <  u 

N  II  a 

>  o>  o 
“^00 

>  U  t)  o 

>  U  u  (J 


<  <  <  < 

<  <  <  < 

+  +  4  + 

D  ^  0 
0  0  0  0 
<  <  <  < 

<  <  <  < 

♦  ♦  ♦  ♦  ^ 

u.  3  3  3  3  a  L. 

-J  -J  -I  -j  0  0 

I  I  I  10  0 

<  0  0  0  <  < 

<  0  0  0  0  <  < 

«<<<<«■  ^ 
S  <  <  <  <  D  3 

z  www^  z  z 


'W  0  0 

0  0  0  0  0  0  0 
<  0  0  0  0  <  < 
tl  <  <  <  <  II  II  z 

u.  M  N  II  M  ft  u.  o: 

^010^0003 

0000000HO 

O0U00OUUJZ 

uuuuoouauj 


323 


I 


OOOOOOOOOCOOOOOOOOOOOOOOOOOOOOOOOOOOOOOQOOOOOOOOOQOOOOOOO 

tf)tf)tf)®iniDto®in®®®®®®®<o®<or^r^r>(^f^r«r^t^r<^t^oo®tto®®oooo)®®®0)®®®a»o>00000000 

2222222222222222222®2®222222222£22S2££2£22£2£2222ZIIZZZIZIZ 

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

•  u. 

>  •  «N 

Gt  c*  Z 

.  .  o  •  O  ' 

•  i/i  <‘^ 

u.xtt>*co<  a  ^  ocD 

Z-i 

•  r»»i4C40mKui  u.  O  <ui 

h- Ik  < a  -Stt  •  -J  K  Z  '  ' 


.  U.  00  . 

h*  Ik  <  ^ 

® 

•  <  ®  •  ^ 
r>  <  <  tt  < 
in  •  <  tt  • 
u  ®  *1^0 
u  ft  a  O) 
•  <  a  <  < 


•  u  <  'X  -  * 
I  a  o  CM  uj  ^  ^ 
—  -  <  I  o  -1 

I  W  ►-  Q.  <  • 

>  X  <  ui  «J  •  CN 
I  o.  S  tt  <  tn  o 
•  Z  “  -  ^  • 


CN  <  ^  < 

X 

c 

«- 

< 

z 

pm 

in 

in*®*- 

•  *  u  O  <  a  a  m 

z 

in 

o 

C 

o 

I 

* 

• 

u  ®  <  ®  ® 

a  ^  a  -  H  X  Q  • 

a 

a 

• 

z 

o 

a 

a 

CN 

o 

u  a  <  ®  ® 

Ui  St  -cvaa  -CN 

a 

• 

< 

a 

•V 

*  <  *  <  < 

aacN3aacNa 

CN 

a 

< 

a 

c 

in 

in 

I 

(J 

a  <  n  <  < 

mmZ  •D<'-<a 

a 

» 

in 

o 

* 

a 

u 

^  •  ®  •  • 

•  *o  ^  •  -x  • 

a 

Z  o 

z 

♦ 

o 

3 

a 

in  Nc  <  tt  Qc 

a  •  3  n  z  a 

• 

o  in 

< 

< 

X 

« 

Z 

< 

o5 

U  a  <  a  a 

X  X  <  •<  a  o  a 

X  • 

tn  • 

a 

o 

Z 

a 

4-  ^ 

^  1 

w 

o  <  •mm 

X  N  ®  a  K  •  -a 

Z  X 

a  PN 

• 

z 

o 

»“ 

^  a 

-»-<  m 

u 

•  <  CN  ®  « 

a  o  -i  X  a  • 

a  z 

•  z 

a 

< 

o 

in 

® 

CN  »-• 

u 

a  •m  <  < 

*  •  Z  X  a  <  CN  CN 

a  a  a  o 

a 

4- 

♦ 

a 

<  X 

• 

«*-«<<< 

a^oaozi-iejcNcoa 

O  PN 

in 

• 

3 

X  < 

o  a 

® 

in  a  <  •  • 

Z  a  -  *  -Z  X  a  a 

CN  CN 

kM  •  ^ 

* 

t?  ^ 

Z 

a  < 

z  ^ 

n 

^  <  •  a  a 

•xancNaaaa 

Ik 

I  >  - 

a 

Z 

in  c 

X 

X 

t 

a  * 

in  nr)  <  ® 

u 

a  a 

c*)kNao<  •ooa 

•  H 

a  z  > 

• 

♦  in 

X 

X 

<  ^ 

r-  ®  ®  a  o 

u 

.  .  .  0  in  ® 

Z  X  »-  CN  '  -ox  * 

•  o  o 

in 

CN 

>  ♦ 

1  O 

<  <  <  V 

®  O  CN  <  o  ® 

•  X  a  a  «  ^  • 

Z  X 

X  o  • 

* 

IM 

Z  > 

< 

a  X 

<  <  <  Z  ■* 

^  10  N  <  <  < 

n  u  u  <  •  <  < 

o  u  <  o  •  • 

U  *  '  •  tt  Ik  u. 

-  n  ®  ^  <  u.  ik 

M  ^  4tr  <p  <  (0  ® 

X  u  u  <  *  ®  o 

a  o  u  <  Ik  <  < 

o  •  '  -  0)  <  < 

•  (*)  ®  Ik  P'  -  • 

^  ^  ®  <  a  a 

Z  U  U  ®  <  tt  tt 

a  u  u  u  -  ®  o 

w  .  •  u  a  «  o 

a  M  ®  <  < 
3  V  ^  a  <  < 


i£L  •ujin«MO^ikZZ  -X 
I  *f>ioaz-jaau.ikxo 
iKO  •oaiu^cNttikS  • 


»  o  ®  <  *  • 
>  u  ®  <  a  tt 
.  •  C>  •  a  a 


Ik  tk  u  Ik  ^ 

UJ  ^  ®  *00® 

Z  ^  ^  in  <  < 
•-•  u  (J  in  <  <  < 
K  u  o  u  <  •  • 


^  .  o  I  a  -  o  I 
z  a  a  •-■  • 

•  U/  M  •  <  X  ®  < 
M  lu  X  ^  Z  a  in  ( 
iM  M  a  o  <  o  * : 

-  .  •  I  <5  O  ®  C 
a  •  -  Ik  , 

a  K  K  •  in  o  ^ 

•  X  -J  ^  <  in  X 

a  iM  ui  tt  z  -  tt  << 

X  -  O  '  z  ^  -  c 

a  in  •  ®  <  in  CN  : 

^  rs  <  tt  O  •u.  i 
<  p-t  O  •  -  CN  O  . 

•  •  ®  CN  a  m  X  < 

u  in  z  a  ^  -  a 

•  >  <  •  <  ’*“  •  < 


I  •  •  u  -I 
I  a  a  •  a  I 
;  ^  ®  ^  »  ’ 
I  ^  ®  r*  I 

I  o  u  u  < 

»  u  u  u  <  < 

+  +  +  -^ 


o  « 
®  ' 
®  <  in 

<  X 

<  Z  M 

•o  • 
CN  z  a 
®  z  N 

<  o  ui 

<  a 


-i  Z  in  -^  ( 

•  a  <  •  a  • 

t-  •  o  o  o 

in  n  •  *-<  I  < 
uj  a  ®  ®  a  • 
a  z  <  a  -  < 
uj  •  Z  •  a 

•  CN  Z  a  o  ' 

N  a  <  a  X  1 

a  z  o  a  a  • 

+  +  +  -f  + 


I  n  CN  o  PN 

I  Ik  CN  O  O 

.  •  »-  K  '  - 

IX  •  •  PN  > 

.  Z  X  X  z  o 

I  a  Z  Z  O  • 

:  a  a  a  •  x 

:  n  a  a  >  o 

*  CN  CN  ®  Z  • 

a  CN  O  > 

•  a  I-  -  at 

IX  '  • X  -a 

;  z  X  X  z  X 

a  z  z  o  ^ 

•  a  a  a 

I  CN  a  a  ®  CN  ^ 
•*-  ®  CN  <  <  < 
I  a  CN  ^  a  a  a 
-  a  a  <  <  < 
X  •  -  O  Q  O 

■  Z  X  X 

a  z  z  z  z  z 
'  a  a  a  o  o  o 
'  n  a  Ik  z  z  z 
CN  CN  cn  z  z  Z 

a  CN  O  O  O 

•  Ik  a  u  O  U 


a  o  CN  a  ^  ♦ 

I  ®  Z  !-•  4-  ^ 

'  in  <  I  c 

>  u  a  o  <  X 

I  u  '  '  o  <  a 

+  -^  a  I  ♦  + 

;  a  t5  ®  O  a 
•-  -j  a  -i  ♦  o  a 

I  IP  a  <  a  Lk  X  < 

'  3  <  O  ^  a  < 


«  I  in  4-  « 

^  w  CN  '- 

'  O  ♦  a  a 

XXD<0®-^aa 

aaz<xaoo-i 

.  4-  w  I  ♦  oc  <  X  •  • 

•^in^’»-w<acNCN 
lOO^a*  * 

XwaXDOxao. 

a«  xazxzDO 

>ao-j''»  t/>  *  comim 
■^<Om3CDlX 

in  II  <z<z<aa 


X  a 
O  in  a  a 
•  o  ^ 

a  2  ® 

J  W  •-  < 

‘  ‘  in  < 
a  II  II  <1 

•*“  a  a  a 
a  a  a 

W  V  n  ^ 
®  ®  ® 
a  <  <  < 

M  <  <  < 


a  <  X  t 
a  ^  a  I 

NT  w  w  I 

®  in  z  < 

<  o  ^  * 

<  u  tn  * 


324 


325 


I 


OOOOOOQOOOOOOOOOQOOOOOOCOOQOOOOOOOOOOOCOOOOOOOQOOOOO 

ooocoooooooooooooooooooooooooooooooooooooooooooooooo 


Of  ^ 

a  0 

,  , 

0  U 

lb  a 

o 

0  U 

lb  Of 

0 

<  •  - 

o  CM 

0 

<  0  Of 

0  r* 

4 

•  0  U.  • 

U  <J 

0 

Of  U  o  lb 

fJ  u 

• 

U.  O  0  Of 

•  •« 

Mr 

Of 

•  t)  Mr 

Of  Of 

Of 

0  u  0  Of  u. 

2 

0 

<  in  •  o  o 

0 

<  U  lb  <J 

0 

u. 

< 

•U  Of  • 

u  u 

< 

lb  •  O  lb  O  u 

• 

Of  CO  0  4b 

•  • 

Of  f*  0  o  Mr 

Of  lb 

U.  ®  <  U  ®  u.  tt 
V  <  <  •  C)  ^ 
m  <  •  u.  O  ® 

<.  -MU.  •  O  O 

<  kfe  ®  O  tt  U  U 

>  u.  <  ®  Q:  •  • 

ik  <  D  ^  ik  u. 

a  »  •  (j  ®  a  u. 


n  u,  a 
®  u.  a 

fj 

a  ®  r^ 

-  o  o 

u.  u  u 

Of  -  - 

n  a  O 
®  a 
u  u  ^ 
u  ®  o  I 
•  u  -  I 
b.  U  ®  < 
u.  •VI 

n  V  u  ( 
V  V  u  ( 
y  o  . 
u  (j  a  I 


^  a  ib.  ] 

j  a  u.  I 

r*  r-  I 
n  ®  0  I 

>  0  <  <  < 

•  <  <  <  • 

'  <  *  * 

>+33: 

>  s  X  : 

I  a* 

[  <  «  « 

<  -j  u . 
i  «  u  ^  . 
I  O 

Z  (/>  I/)  < 

a  ea  i 
?«/)<<< 
)  m  II  u 

r  <  a  u.  I 

ti  a  u.  I 

>0001 
)  in  tf)  V  I 

)  c;  u  u  < 

)  a  u  u  ( 


u.  u.  a  o:  I 
;  u.  a  u.  q:  I 

fw  00  4 

10  0  0  0  1 
:<<<<• 
<  <  <  <  < 
+  +  «*••►■ 
:  u.  u.  Of  Of  I 
u.  a  u.  QC  i 
-V  ^  n  0  I 
I  0  0  0  O  I 
:<<<<< 
:<<<<« 
♦  ♦  ♦  ♦ 
13  3  3  3: 

:z  Z  z  z  I 


»  0  0  0  0  t 
10  0  0  0  1 
:<<<<• 
11  11  n  M 

u.  ti.  o:  tt  i 

u,  a  41.  cr  i 

I  O  O  CO  ^  ' 

'  V  (P  V  V  ( 

'  V  O  U  U  1 

>  U  U  U  U  1 


Of  u.  u.  tt  tt  u. 

QC  li.  Of  U.  Of  U. 

r*  r-  o  o 

00  o  o  o  o  o 

<<<<<< 

<<<<<< 

+  'f+4'-»-  + 
C£  U.  U.  QC  a  41. 
Of  u.  Of  41.  o:  b. 

'  V  ^  ^  n  0  0 
I  O  O  0  o  o  o 
><<<<<< 
<<<<<< 

333333 

I  z  z  z  z  z  z 

****** 

333333: 


:  0  0  0  0  0  0 
'  O  0  O  0  0  0 
)<<<<<< 
I  II  It  II  11  II  II 
Of  u.  u.  Of  fif  u. 
Of  b.  a  lu  a  u. 
(  *P-  ^  ^  ^  Cl  CM 

r**  f^* 

u  u  u  u  u  u 

I  U  U  U  U  U  (J 


b.  Of  Z 
Of  U.  Of 
CM  CM  D 

>-  O 
O  U  lb  Z 
O  U  Of  lb 


326 


UJ 

O 

< 

a 


tn 


CN 

m 


3 

O 

a 

CD 

3 


0) 

00 

o 

o  o  o 

o 

o 

o 

o 

o 

o 

o 

o 

o  o  o 

o  o  o  o 

000 

0 

0  Q 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

000000000 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

IP 

00  CD 

5 

CM 

cn 

in 

IP 

C- 

00  01  O 

CM  cn  ^ 

in  IP  a 

0 

cr  0 

CM 

n 

4 

in 

IP 

a 

00 

01 

0 

CM 

CO 

4 

in 

IP  a 

00 

01 

0 

•- 

CM 

CO 

4 

in 

(P 

a 

00 

01 

0 

CM 

r» 

r- 

h*  00 

00 

00 

00 

00 

oo 

00 

00 

CD  00  (J1  0>  01  01  01 

01  01  01 

01 

(^  0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

p 

p 

p 

p 

p  p 

p 

p 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CN 

CM 

CN 

n 

to 

to 

C>1 

<«• 

^  ^ 

-r-  4-  4- 

4-  4- 

^  CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM  CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CN 

CN 

CN 

CM 

CN 

CM 

01 

o 

o 

o 

0 

0 

0 

o 

o 

o 

o 

o 

o 

0 

0 

0 

o 

000066666 

0 

0 

0 

0 

0 

0 

0  0 

0  0 

0 

0 

600 

0  0 

0  0 

0  0 

0 

000000600 

0 

o 

in 

a 

a 

a 

> 

a 

a 

a 

a 

> 

ru 

tt 

> 

a 

CM 

P 

4 

(9 

a 

fS 

• 

QC 

CM 

z 

in 

> 

a 

Ui 

in 

a 

a 

o 

a 

C9 

4 

a 

a 

X 

>- 

p 

K 

a 

X 

z 

a 

tn 

a 

4 

0 

fO 

19 

tt 

a 

X 

CK 

a 

a 

« 

< 

tt 

in 

IP 

a 

a 

4 

a 

a 

a 

>• 

a 

a 

tt 

• 

N 

a 

a 

< 

H 

a 

P 

0 

a 

4 

0  0 

0 

a 

CO 

X 

X 

n* 

3 

pm 

CM 

(9 

n 

Ul 

a 

0 

P 

in 

tt 

0 

4 

in 

IP 

a 

CM 

4 

tt 

rs 

o 

N 

a 

a 

N 

Z 

< 

Ul 

00 

CM 

• 

< 

4 

tt 

p 

4 

P 

p 

>• 

a 

in 

M 

> 

OC 

a 

a 

s 

00 

a 

U  X 

Z 

a 

< 

4 

P 

4 

a 

4 

4 

4 

a 

UJ 

N 

a 

IP 

• 

3 

Ul 

a 

u 

< 

a 

X 

a 

•  z 

0 

a 

a 

0 

< 

01 

4 

4 

4 

m 

0 

tt 

*► 

CM 

a 

M 

X 

CM 

a 

c 

CM 

Ul 

•-  a 

in 

• 

19 

in 

a 

u 

a 

n 

a 

a 

a 

> 

a 

» 

UJ 

00 

> 

X 

a 

pm 

> 

a 

< 

I 

o 

-1  a 

tt 

in 

p 

in 

01 

4 

CO 

p 

01  01 

01 

a 

4 

> 

X 

pm 

3 

tt 

a 

Pm 

CM 

a 

< 

•  CO 

a 

•-4 

a 

p 

CM 

4 

4 

0 

< 

4 

in 

IP 

CM 

tt 

0 

p 

a 

a 

(L 

Q. 

a 

I 

< 

UJ 

a 

CM  CM 

tt 

I 

in 

< 

p 

4 

a 

< 

p 

a 

a 

a 

a 

CM 

fM 

pm 

fSJ 

CM 

a 

z 

00 

< 

in 

00  a 

CM 

a 

> 

< 

4 

4 

tt 

4 

a 

4 

4 

4 

X 

to 

X 

IP 

tt 

z 

X 

• 

N 

X 

a 

1 

a 

a 

•M 

a  a 

z 

a 

a 

4 

a 

u 

4 

CD 

4 

4 

4 

• 

tt 

0 

X 

fM 

K 

M 

a 

n 

•bM 

»b4 

< 

z 

I 

^  X 

c 

4- 

> 

0 

a 

tt 

a 

P) 

a 

a 

a 

p 

a 

a 

N 

u. 

a 

a 

> 

CL 

a 

a 

u 

o 

< 

Ul 

a 

OD  Z 

in 

0 

a 

p 

4 

01 

0 

a 

01 

p 

00 

00 

00 

p 

CM 

rs 

in 

p 

a 

z 

0. 

tt 

I 

D 

tt 

tt 

3 

p 

CM 

4 

tt 

CM 

4 

4 

in 

IP 

X 

tt 

-i 

X 

• 

N 

a 

Ul 

fSI 

a 

CM 

0j 

a 

a 

CM  a 

a 

P 

< 

p 

4 

4 

CM 

p 

4 

p 

p 

p 

a 

a 

a 

a 

tt 

• 

UJ 

X 

CM 

Ul 

UJ 

CM 

3 

Ul 

CN 

a  CM 

tt 

< 

a 

< 

< 

4 

4 

0 

4 

< 

4 

4 

0 

> 

4 

00 

Ul 

a 

pm 

pm 

z 

a 

O 

< 

a  ^ 

a 

Z 

0 

4 

a 

a 

4 

a 

4 

4 

4 

tt 

.J 

X 

> 

Ui 

X 

a 

z 

a 

0 

o 

a 

X 

•  a 

Z  00 

z 

0 

01 

• 

00 

0 

4 

a 

n 

a 

a 

a 

X 

a 

a  ^ 

a 

M 

a 

a 

a 

3 

cn 

r 

a 

C  in 

< 

0 

0 

r> 

4 

0 

4 

00 

p 

a 

a 

a 

a 

a 

(L 

X  rs 

CO  a 

a 

•j 

X 

3 

Cl 

X 

X 

< 

a 

< 

a 

o 

a  X 

• 

in 

U 

CM 

4 

a 

CM 

4 

4 

in 

Ip 

a 

01 

a 

-i  0 

X 

a 

tt 

Ul 

N 

Z 

a 

X 

N 

U 

a 

H- 

a 

a 

u.  Z 

X 

tt  CM 

• 

a 

< 

4 

< 

a 

p 

4 

p 

p 

p 

X 

4 

-0 

a 

• 

X 

o 

z 

pm 

UJ 

O 

•J 

X 

a 

tt 

z 

*  z 

a 

z 

< 

4 

a 

4 

a 

4 

a 

4 

4 

4 

< 

a 

z 

IS  a 

CM  IP 

X 

a 

2 

a 

a 

a 

s 

X 

Ul 

< 

d 

CM  a 

a 

tt  0 

p 

0 

• 

4 

CM 

a 

CM 

4 

IP 

4 

4 

4 

4 

00 

4 

Z  N 

X 

> 

M 

S 

a 

o 

DC 

O 

z 

pm 

O  CM  n 

tt 

^  IS  0 

in 

a  0 

00 

a 

CO 

01 

0 

a 

CO 

a 

a 

a 

a 

X 

C9 

-  z 

a 

a 

a 

in 

UJ 

a 

c 

z 

UJ 

a 

a 

a 

z 

X 

u  a  CM 

CM 

M  0  • 

m 

0 

CM 

4 

01 

p 

a 

p 

IP  IP 

IP 

IP 

a 

a 

>  0 

P 

m 

tt* 

CL 

X 

a 

Z 

X 

a 

CO 

CM 

a 

a 

a  aj  a 

4a. 

I  •  >- 

tt 

tt  a 

CM 

4 

4 

4 

CM 

4 

4 

in 

IP 

a 

a 

n 

z  0 

X 

> 

z 

O 

M 

P5 

Pm 

& 

o 

< 

a 

o 

O  a  • 

a 

a  >  z 

a  Z 

< 

4»a 

a 

4 

4 

p 

4 

p 

P 

'a* 

X 

4 

a 

. 

» 

a 

Ui 

< 

z 

a 

mm 

I 

CM 

a 

•  O  X 

a 

a  0  0 

in 

0  0 

4 

4 

P 

a 

a 

< 

a 

4 

4 

4 

4 

a 

z 

X  >- 

CM 

4 

tt 

•*« 

o 

a 

z 

oc 

U 

pm 

*»-  •  z 

X 

X  aQ 

a 

a  SO 

a 

4 

CO 

CM 

tt 

4 

in 

4 

4 

4 

4 

IP 

z 

z  z 

a 

> 

u 

in 

tsi 

a 

CD 

Cl 

M 

a 

a 

UJ 

in 

pm 

O  a 

z 

Z  X  • 

CM 

tt  - 

a 

a 

4 

00 

tt 

a 

CO 

a 

a 

a 

a 

X 

4 

-  0 

0 

a 

tt 

& 

M 

a 

z 

Z 

IS 

a 

CM 

a 

a 

X 

^  a  tt 

a 

U.  0  X 

0 

4-  41^ 

0 

4 

4 

CM 

IP 

in  in 

in 

in 

a 

19 

rs  0 

0  CO 

a 

• 

M 

X 

< 

a 

Pm 

K 

o 

a 

o 

a 

a  -I  CM 

tt 

a  a  Z 

a 

tt  z 

CM 

a 

4 

0 

CM 

4 

4 

in 

IP 

a 

in 

a 

3  • 

I  > 

CO 

a 

IM 

a 

O 

z 

a 

a 

o 

O  a  ^ 

CO 

CN  N  0 

CM 

a  0 

< 

p 

0 

a 

p 

4 

p 

p 

X 

CM 

a  X 

tt 

a 

4 

I 

Pm 

• 

z 

a 

a 

pm 

a 

a  Q  a 

CM 

4-0  0 

< 

0  < 

4 

4 

CO 

4 

4 

a 

4 

4 

4 

4 

a 

4 

>•  z 

a 

CM 

p 

a 

a 

Ui 

a 

-1 

a 

UJ 

a 

< 

z 

IP 

CM  -  - 

a 

a  a  • 

^  0 

a  a 

a 

4 

4 

00 

4 

< 

4 

4 

4 

4 

4 

4 

z 

3  0 

> 

■ 

UJ 

o 

Ui 

(L 

M 

Ui 

z 

z 

a 

m 

a  CM  X 

• 

•  >•  rs 

3  Z 

a  a 

IP 

a 

4 

4 

a 

a 

CO 

a 

a 

a 

a 

X 

z 

•  0 

p 

a 

a 

II 

Ii 

00 

Ul 

a 

M 

M 

a 

o 

< 

o 

a 

z  a  z 

X 

X  0  Z 

Z  < 

CM  CM 

0 

0 

a 

4 

K 

4 

p 

4 

4 

4 

4 

a 

4 

X  • 

z 

0 

a 

a 

M 

a 

X 

3 

a 

a 

a 

T 

o 

o 

CO 

a  O  a 

z 

Z  a  0 

a  -1 

tt  •- 

CM 

01 

a 

a 

p 

4 

4 

in 

IP 

a 

CO 

19 

3  rs 

tt 

0  > 

in 

in  in 

tt 

X 

3 

pm 

< 

a 

a 

u. 

-J  Z  tt 

tt 

a  X  a 

3  - 

a  Z 

4 

CM 

0 

CM 

p 

4 

p 

p 

p 

p 

X 

a 

'  Z 

D 

Z 

a 

z 

CL 

X 

a 

a 

a 

X 

a 

in 

o 

<  tt  n 

tt 

a  0  >■ 

Z  a 

0  a 

4 

4 

4 

00 

0 

4 

a 

4 

4 

4 

4 

a 

IS 

IS  0 

p 

tt 

CM 

CO 

0 

p. 

p. 

tt 

> 

X 

CL 

fs| 

a 

X 

0j 

< 

in 

X 

-  •  CM 

CM 

n  a  X 

-CM  z 

• 

4 

4 

4 

p 

4 

CO 

4 

4 

4 

4 

CM 

tt 

^  • 

in 

a 

p 

a 

Z  X 

R 

•*4 

N 

Z 

DC 

pm 

Ul 

tt 

z 

a 

tt 

^  a 

CM  >  0 

^  in  < 

tt  a 

m 

a 

• 

4 

4 

a 

CO 

a 

a 

a 

a 

X 

a 

a  > 

0  flO 

P 

X 

0 

UJ 

UJ 

4 

>- 

w 

a 

N 

a 

X 

a 

O 

a 

z 

a 

a  a  - 

a 

I-  50  • 

•J  a 

C  CM  ^ 

0 

01 

CM 

01 

a 

4 

cn 

p 

n 

CO 

n 

n 

a 

> 

>  z 

a 

4 

z 

a 

a 

0 

p 

X  X 

a 

c. 

Ui 

a 

> 

& 

in 

a 

cn 

< 

in 

CM 

Z  O  X 

a 

•  a  X  tt 

-  tt 

a 

tt 

p 

CO 

4 

u 

a 

4 

4 

in 

IP 

a 

P 

tt 

X  0 

tt 

19 

p  tt 

tt 

a 

o 

> 

z 

a 

z 

rs 

< 

tt 

o 

a 

lu 

a  X  z 

X 

X  X  z 

3  ?M 

CM  a  Z 

4 

p 

p 

4 

01 

a 

4 

•- 

X 

a 

0 

mm 

0 

0 

in 

_i 

•J 

in 

a 

CL 

a 

< 

o 

a 

a 

CM 

O 

^  tt  tt 

z 

z  ^  0 

Pm 

-i  in 

pm 

0  a 

4 

4 

4  \ 

a 

tt 

4  \ 

4 

4 

4 

4 

\ 

X 

X  X 

(9  Z 

a 

X 

0 

a 

p. 

tt 

4 

4 

a 

u. 

n 

Ul 

X 

CM 

a 

a 

00 

CM 

a 

in 

z 

<  •  tt 

tt 

■*N» 

4  4  0 

4 

p 

4 

p 

4 

4 

4 

4 

CM 

tt 

X  z 

tt 

a 

a 

in  0 

0 

IP 

o 

< 

z 

UJ 

z  <  o 

in 

z 

tt 

a 

tt 

-  CM  CN 

tt 

a  CM  CO 

^  in  IP 

a 

a  00 

01 

a 

a 

p 

4 

0 

a 

p 

a 

a 

a 

a 

p 

•p 

-  0 

0  0 

■p 

0 

0 

> 

0  0 

in 

IP 

a 

•M 

a 

o 

a 

> 

< 

a 

< 

a 

<N  tS 

n 

CM  <  < 

< 

<  < 

a 

<  < 

4 

00 

4 

a 

p 

CM 

4 

CM 

CM 

CM 

CM 

< 

00 

IS  a 

Z 

P 

UJ 

in  Ul 

U) 

•p 

00 

Ul 

CM 

a 

N  Z  00 

pm 

z 

in 

a  O  a 

CM 

a  a 

a 

a  a 

P 

a  a 

a 

p 

n  a 

tt 

4 

a 

4  in 

IP 

a 

a 

> 

•J 

Z  a 

0 

Ui 

X 

UJ 

in  z 

CD 

z 

z 

a 

-i 

< 

a 

a 

a 

tt 

< 

a 

a 

<  z  - 

a 

a  <  < 

< 

<  < 

pm 

<  < 

< 

p 

4 

CT> 

4 

4 

p 

p 

4 

a 

UJ 

a  a 

UJ  3 

Z 

a 

Z 

OQ 

4 

tt 

tt 

7 

a 

X 

a 

•J 

< 

in 

K 

a 

o 

V 

o 

•  tt  X 

a 

•  00000X00 

0 

4 

4 

0 

a 

• 

4  0 

4 

4 

4 

4 

0  a 

0 

>  IS 

z 

M 

01 

4 

p 

X 

0 

X 

> 

a 

X 

(/) 

n 

a 

pm 

X 

CM  -z 

X 

4 

4 

4 

a 

4  \ 

4 

4 

4 

4 

\  >- 

u 

I  0 

•p 

X 

X 

a 

4  \  in 

IP 

tt  tt 

3 

z 

-1 

z 

Ui 

a 

cn 

in 

tt 

C  tt 

z 

z  z  z  z  z  z 

a 

z  z 

z 

a 

a 

z 

4 

a 

a 

z 

a 

a 

a 

a 

Z 

a 

4 

z  in 

c 

a 

in 

a 

tt 

in 

4 

O 

a 

a 

<  o 

a 

a 

z 

< 

a 

a 

<  O  tt 

a 

tt  0  0  0  0  0  a 

0  0 

0 

a  0  0 

a 

p 

P 

0 

P 

0 

IP 

X  > 

tt  CD 

00 

> 

0  in  0 

0  tt 

4 

4 

Ck 

.J 

m 

X 

ii 

a 

Ul 

Z 

a 

a 

•  o  o 

a 

u.  Z  Z  Z  Z  Z  n 

z  z 

z 

CO  Z 

0 

0 

P 

z 

4 

in 

IP 

a 

Z  a 

I  0 

0  4 

X 

W' 

a 

> 

a—a 

a  0 

p' 

w 

_i 

00 

< 

rsi 

IS 

a 

c^ 

Z 

a 

O 

-  X  (N 

CM 

n  z  z  z  z  z 

pm 

z  z 

z 

p 

p 

z 

IP 

p 

P 

z 

p 

P 

z 

a 

W' 

II 

a 

tl 

II 

II 

M 

3 

Ul 

»a4 

a 

<  O 

UJ 

IS 

a 

< 

u 

X 

a  tt  a 

CM  0  0  0  0  0  Z 

0  0 

0 

4 

4  0 

4 

4 

4 

0 

4 

4 

4 

4 

0  in  4 

rs  X 

Ua  3 

4 

a 

u. 

4 

0 

4 

u 

in 

0  in  Ua 

U. 

4 

in 

cc 

a 

N 

L> 

pm 

cc 

z 

o 

tt 

tt 

<l  •  • 

a 

a  0  la) 

u  0  u 

a 

u  u 

u 

4 

4 

u 

4 

< 

4 

0 

4 

4 

4 

4 

la) 

>- 

(a) 

C9  0 

z 

19 

X 

p 

in  (9 

in 

in  19  in 

p 

U 

w 

CM 

+ 

+ 

+ 

-f 

•f 

+ 

+  +  + 

+ 

+ 

+ 

+ 

+ 

■f 

■f 

M- 

■f 

•f 

+ 

—  CM 

u 

tf) 


O 

CT 


IP 

fO 


O 


in 


o 

in 


in 

in 


327 


o 


800000000000000000000000000000000000000000000000000000000 

®®®®®®®®0>®0000000000^^^'“^‘^*“**‘^’“CSNwCNr<cNcvic\oi«r)®w®®r)fo®r)®n^^^^v^ 

c^wr<c^fs««<N«<N«n®nr)nn®r)n®«®n®c*>«Dr)eo®(nr>®fnr)r5r5r>wr)«n®®rjr)nn®nn®®nr)n 


ooooooooooooooooooooooooooooooooo 

vtD®r*®®0*“Cv®vtr>tcr-®®0‘^*>*«vin®f-®®0'“C<<*>^in® 


o 

o 

Q 

o 

4 

4 

* 

a  UJ  a  o: 

z 

Z 

-I 

o  a  ® 

4 

iU 

4 

UJ 

1 

1 

CM 

Cv 

U 

o 

O 

4 

«  QC  O  4 

1 

4 

1 

4 

a 

a 

4 

a  a  *-  4 

O 

CM 

CM 

CM 

CM 

•w 

a  CM  4  w 

in 

o 

o 

M 

UJ 

UJ 

1 

CM  O  4  \ 

® 

z 

X 

O 

O 

tt 

o  ^ 

4 

UJ 

a 

UJ 

a 

1 

tt 

^  4  a 

a 

Q 

O 

w" 

£L 

a. 

4  4  ®  CM 

4 

z 

4 

Z 

CM 

CM 

o 

4  *  >  a 

4 

CM 

CM 

M 

«  CM  *  Ui 

m 

M 

in 

X 

I 

4 

tt  ®  6  o 

z 

I 

« 

I 

* 

a. 

0. 

4 

0  4  0* 

►- 

a 

It 

a 

It 

4  4  a 

It 

w 

CM 

CM 

in 

in 

4*4’^ 

in 

in 

in 

in 

O 

O 

in 

4  QC  4  a 

o 

* 

o 

« 

u 

V 

> 

*  O  •  UJ 

>  CN  <  ®  4.  ce 

>  <  <  Qc  m 

<  *  <  oc  oc  n 
[  •*>.  w  ®  a  < 


CM 

o 

U.  It 

a 

o 

it  It 

o 

-o^ 

0) 

UI 

4 

CM  It 

® 

CM 

4 

o 

4 

o  o  ^ 

4 

♦ 

4 

« 

4 

^  ^  ^  o 

4 

« 

t 

CM 

n 

4  4  U.  ^ 

U. 

n 

« 

O 

4  4  ®  4 

o 

CM 

O 

« 

*  '^  C-  4 

® 

QC 

a 

4 

It  n  4 

4 

UJ 

4 

4 

It 

®  >  4  \ 

4 

a 

4 

QC 

1 

u 

4  *  *  It 

w> 

* 

UJ 

CM 

4  It  it  CM 

« 

CM 

It 

CM 

O 

* 

o 

4  ®  it  tt 

U 

♦ 

a> 

« 

« 

C9 

« 

•  4  •-  UI 

u. 

♦ 

« 

QC 

CM 

U 

oc 

4 

®  4  O  O 

CM 

It 

4 

u 

q; 

® 

a  * 

CM 

4 

CM  4  ^  ♦ 

o 

U.  4 

CJ 

4 

CM  > 

oc 

4  *  4  U 

It 

OC 

CM  \ 

QC 

O 

4 

ce  o 

UI 

4  ®  4  •“ 

4 

0) 

UI 

QC 

Ui 

4 

It  1 

o 

> 

*  CM  ^  OC 

4 

o 

UJ 

o 

4 

o  o 

« 

* 

It 

CM  4  ^  UJ 

4 

* 

O  O 

« 

4 

CM 

♦  in 

CM 

It  ® 

®  4  ^  O 

* 

4 

CM 

♦  O 

CM 

* 

• 

4  * 

« 

4  ♦  CM  ♦ 

It 

♦ 

® 

4  ♦ 

* 

CK 

* 

O  K 

* 

4 

4  4  O  *  U> 

It 

4 

o  > 

« 

0> 

.  ot 

^  o 

OC 

4 

4 

O  «  It 

4 

It 

4 

^  o 

It 

« 

a  o  * 

a  It  3 

3 

4  OC 

» 

CM 

* 

0^4 

CM 

4 

•- 

4 

ft 

1  ^ 

a 

CM  a 

4 

4 

4  > 

ft- 

3 

X  O  3 

X  ID  Z 

Z 

*  QC 

®  4 

o 

--  o  ♦ 

4 

in  a 

4  « 

a 

ft 

it 

®  4 

CM  O  a 

4 

O 

4  O 

a 

z 

0.  X  z 

a  ®  • 

1 

a 

4 

4 

CM 

4  O 

4 

> 

UJ 

4  •“ 

UI 

o  a 

4  4 

a 

►► 

ft 

> 

CM 

4  in 

a 

J 

^  QC  > 

-J  4  ^ 

0  0  4 

4 

4  4  CM 

w 

• 

o 

a  u 

O 

CM 

4 

UJ  4  O  O 

4 

ft 

ft 

a  ft 

o 

4  * 

4  4-^ 

4  ^ 

4 

1 

4 

*  4  4 

g 

* 

o  a 

* 

o 

4 

O  4  • 

o  <  ^ 

CM 

4 

6 

ft 

O  X 

ft 

CM 

4>  It  CM 

♦  4 

4 

4  4 

♦ 

o 

CM 

♦ 

CM 

u 

4 

ft 

ft 

ft  4 

4 

'w 

O 

a 

O 

CM 

4 

in  CM  4 

in  CM  o 

O 

4  4 

O  CM 

1 

®  ^  w 

> 

4  ^ 

O 

ft 

ft 

4 

O  a 

4 

a  4 

4 

CM 

4 

® 

o 

in  o 

**  o  z 

Z 

«  « 

CM 

« 

4  a  4 

U 

4 

4 

4  Z 

4 

> 

g 

4 

CM  O 

> 

O 

4 

4 

a 

4  ft 

4 

z 

X  z 

X  X  4 

4 

0)  a 

4 

• 

a 

4  CM 

a 

4 

® 

• 

4 

o 

o 

W' 

4  r- 

4 

4  a 

U 

4 

a 

\  ^ 

4 

4 

a  It  4 

a  a  u 

CM  o 

4 

a 

a 

*  a  o 

4 

> 

a  o 

4 

1 

^44 

O 

4  CM  O 

a 

4 

O 

a  (j 

4 

1  It  «j 

1  4-  1  ^ 

1 

4  rn 

1 

CM 

a  UJ  CO 

a 

* 

CM  ® 

o 

4 

1  4 

> 

4  a 

CO 

ft 

a 

ft 

CM  a 

1 

CM  ®  1 

CM  CM  oc 

tt 

4 

4  4 

a 

O  O  O  4  o  z 

o 

a  4 

CM 

in 

4 

> 

ft 

ft 

ft  UJ 

4 

O 

4 

a  ft 

CM 

CM 

O  ®  CM 

O  O  Q.  QC 

a 

U. 

4 

^  4 

> 

IU 

Mr  *  4 

O 

4 

> 

UJ  4 

ft 

ft 

ft 

>  a 

n 

o  o 

4 

z 

h* 

> 

a  ft- 

ft 

O  QC 

U  4  O  U. 

-j  o  -J  r- 

♦ 

1  w 

♦ 

O  4 

4  4  4 

4 

a 

4 

w 

D  + 

ft 

K 

1 

cn 

ft  a 

> 

CM  ft 

4 

ft 

4 

4 

O  Z 

ft 

-i  tt 

UJ  4  -j  a 

UI  X  UJ  ®  It 

U 

UJ  ® 

CM 

in  V.  a 

4 

4  o  o>  4  a 

4 

♦ 

*  O 

a 

O 

in 

>- 

a 

4  a 

O  a 

a 

4 

O 

ft  1 

a 

UJ  ®  O  *  UJ 

® 

o  a  o  4 

U 

tt  O  4 

g 

M 

a 

CM 

♦ 

♦  —  4 

4 

CM 

a 

a  ® 

CM 

N 

ft 

a  o 

ft 

4  O 

4 

a 

a 

\  > 

a  O 

CM 

D  0) 

•f  CM  o  o 

4  ♦  •  4 

r» 

1 

4 

X 

«M  in 

t4 

> 

a 

0  4  4  0  0 

in 

4 

a 

ft 

M 

a 

►ft  ^ 

a 

ft  4 

4 

CM 

»**• 

ft 

ft-  ID 

a 

+ 

4 

CM  O 

4 

CM  It  a  * 

®  ®  a 

a 

o 

♦  > 

4 

4 

O  CM  4  O 

>• 

a  4 

UJ  a 

ft 

4  4 

^  4 

O  O 

> 

CO 

a  4 

a 

CM 

4 

I  CM  4 

•M  CM  CM  CM 

4 

4 

CM 

CM 

4 

4 

o  * 

CM  ® 

f** 

4  *  ♦ 

4 

♦ 

w' 

UJ  W 

O  CM 

u 

o 

CM  4 

►ft 

CD  4 

ft 

ft 

>• 

a  4 

O 

®  CM 

tsj  W  o 

z  *  o 

O  CM  I 

o  o  a 

*  <M  <  ♦ 
<M  M  11  tt 
N  tt  CM 
M  II  a  I/) 

II  o  ^ 

®  o  c  ♦ 

<  <  <  X 

<  <  4  I 


xa»-**  X(/>'-40 

w*  aO'^*  att 

cn  X  w  I  to  o  w  I 

ozzaozz'^ 

o  +  *-•  •  o  +  a 

I  ^  CM  I  ‘^i/>  O 

W^w I 

♦  (M«o«cy«o: 
cMacMXcMa^*  ♦ 
oxoaoxaa 

It  -I  II  a  H  ^  II  i/> 

U.<U.CMtt<OCw 

■^C/>«*-w^«^CMO 

o«o*o«oz 


<4«0®4CM^  ♦  ><<a'^<< 

♦  >tt 

CMCMCLO:<CM<*D’^'-^i4<'QC  *■ 

oow  I  <o  '  a*>\o<<ffa)aat^ 

IIZ^^X3*^<Mw^»<  I 

aa«-iCLCMa*i-Nr5*rM*^*Or“<a*-»<i 

♦  ♦v>Ou.*a*4^*D®io<<* 
30wxo^aa<a  *  <cm44*  aaa 
ZZ*  0:XO<-'OCwQ;q:<<<'^®ZO;q;i 

'  Z*CN**-CM»<*'-‘rM*CMCMI 
w*-O'^O0£'^w0»O<’^OO* 
*  tM®4in’^’^- 
ffl<<<<04^<<>-'<<<« 

I <<< 

II  II  *  II  «  q:  II  a  II  4>  i<  u  II  t>  o 

4^ina®a*^r»*'-'«o<nO’^cM( 

oooioo>aooo«0'^'^''i 

<<<<<a<<4<4<<<i 
<<<  <<  *  44<w<<<<( 

-*-■•-  oi 


I  CM  CM  D  ® 

I  o  O  Z  O 

:  <  <  ^  < 

+ 


q:  cm 

■  Oi  >  O  ' 

)  h*  4-  * 

[  <  ®  K 

:  <  in  > 

♦  a 
:  a  *  •“  uj 

:  oc  ■^  >•  o 

1  CM  >  w  ♦ 

>  O  ♦  ^ 

•  a  a  « 
[<’-•-< 

[  <  i-M  i-«  < 


:<<<<• 

:<<<<• 


CM  ♦  ♦  w  ♦  < 

<  XL.  ♦  U-  < 

<  U.  X  CM  li.  • 

I  CM  *  ♦  CM  D 

O  O  CM  ♦  O  ♦ 

♦  ®  It 

>  a  <  <  CM  <  n 

I  a  <  <  oc  <  4 

M  *  w  LU  ♦  4 

♦  It  ♦  O  U.  * 

^  ®  ^  ®  ^ 

I  ®  4  in  CM  n  in 

4  4  4  ♦  4  4 

4  4  4  «  4  4 


4  n  w 
4  >  ♦ 

.  ♦  *  tt 

K  It  Q.  a 
I  ®  u  ^ 


o  O) 

CM  CM  CM  a 
^  4  ^  UJ 
4  4  4  0 
4  I  4  « 


0^4®' 
4  in  I  CM 
4  4—^4' 
4  4  U.  4  ' 

•»  11  ®  II 

®  CM  cn  I 
CM  CM  4  CM  I 
4  ^  4  ^  I 
4  4*4 
•  4  It  4  ' 
CM  •- 


4  w  > 
®  ♦  ♦  >  ♦ 

>  It  It  ♦  n 

«  It  It  n  > 

8  cm  CM  > 

o  o  ♦  ♦ 

—  'i-  ’-  oc  a 


329 


SUBROUTINE  AFIVE  74/860  OPT'1  FTN  4.8+650  09/27/89  15.21.25 


o  o  o 

r-  to  Oi 

^  ^ 
now 

o  o  o 


CM 

tt 


a 

UJ 

O 


m 

< 

< 


«»  2 

CM  a 
n  D 


<  w 

<  a 


o 

z 

Ui 


330 


e 

< 

a 


332 


Ui 

O 

< 

fi. 


in 

M 

M 

to 


o 

<p 

00 


(/> 


a> 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o  c 

o 

o 

o 

c 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

o 

O 

o 

o 

o 

O 

O 

< 

in 

® 

O 

o 

CM 

n  < 

in 

® 

® 

O' 

o 

ft* 

CM 

<n 

< 

u> 

® 

r* 

® 

o 

CM 

r> 

< 

in 

® 

c* 

® 

0> 

(  ) 

CM 

n 

< 

in 

® 

® 

® 

® 

iO 

® 

C' 

c-  r** 

c- 

c* 

r- 

« 

® 

® 

® 

® 

® 

® 

® 

to 

® 

o> 

o> 

0) 

0) 

o> 

0> 

0> 

01 

O' 

o 

o 

O 

o 

o 

o 

CM 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

< 

<■ 

< 

< 

Mr 

< 

< 

< 

< 

Mr 

ftf 

< 

<• 

< 

< 

< 

< 

in 

in 

in 

in 

in 

in 

in 

cn 

o 

o 

o 

o  o  o 

o  o  o  o  o  o  o 

o 

o 

o  o  o  o  o 

o 

o  o  o 

o  o 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

4 

'V 

4 

ft 

O 

01 

0> 

ft 

4 

Ol 

CM 

< 

01 

ft 

< 

CM 

< 

♦ 

< 

w 

Oi 

< 

4 

< 

•» 

4 

< 

4 

4 

4 

4 

U. 

r> 

< 

ft 

« 

< 

o 

ik 

cn 

o 

o 

4k 

>- 

< 

« 

CM 

o 

in 

a 

CM 

4 

< 

ft 

UJ 

< 

> 

o 

o 

Ik 

< 

UI 

< 

4 

Q 

< 

4 

o 

CM 

Q 

< 

® 

« 

1 

< 

ft 

4 

4 

1 

CM 

U 

CM 

> 

< 

< 

UI 

ft 

CM 

ft 

< 

k 

4 

4 

< 

O 

u> 

4 

0^ 

CM 

« 

r* 

* 

ft 

4 

4 

4 

CM 

4 

4 

z 

tt 

< 

ft 

Ik 

ft 

ft 

O 

ft 

< 

4 

1- 

CM 

ft 

< 

CM 

0I 

ft* 

4- 

u. 

< 

Ik 

Ik 

ft 

CM 

•N. 

ft 

4 

< 

ft 

< 

ft 

ft 

CM 

CM 

UI 

ft 

UI 

ft 

< 

< 

UI 

< 

o» 

lu 

ft 

ft 

O 

UI 

O 

Ik 

< 

< 

O 

c* 

O 

UI 

UI 

k 

O 

c 

♦ 

CM 

4 

4 

4 

< 

4 

O 

<7 

O 

CM 

4 

u 

CM 

o 

0) 

u. 

< 

CM 

4 

o 

4 

® 

< 

4 

* 

CM 

CM 

® 

0) 

4 

® 

< 

CM 

< 

o 

>• 

« 

< 

< 

4 

< 

< 

ft 

< 

O 

4 

< 

o 

Ik 

< 

< 

4 

< 

< 

Ik 

< 

o 

4 

4 

< 

1 

tk 

4 

< 

4 

< 

t 

ft 

< 

o 

ft 

4 

t 

CM 

ft 

4 

o 

r* 

< 

o 

> 

CM 

4 

UJ 

Ik 

® 

ft 

Ik 

ft* 

> 

CM 

4 

in 

ft 

* 

4 

Ik 

k 

O 

4-^  ® 

< 

UI 

CM 

CM 

< 

4 

4 

ft 

4 

UI 

o 

♦ 

0> 

X 

* 

O  < 

< 

o 

o 

< 

< 

o 

•  « 

X 

O 

a 

o 

ft 

r* 

o 

CM 

Cl  < 

< 

4 

< 

c 

ik 

r*- 

o 

4 

u 

CM 

< 

® 

♦  < 

4 

CM 

< 

w 

ft* 

CM 

< 

CM 

4 

< 

ft 

< 

4 

< 

>  4 

4 

< 

4 

< 

ft 

< 

4 

® 

> 

< 

UJ 

»» 

< 

O  0) 

CM 

4 

Cl 

< 

UI 

•V. 

ft* 

< 

o 

4 

o 

u. 

o 

4 

1  CM 

< 

ft 

4 

o 

ft 

4 

O 

Ik 

o 

< 

1 

ft 

ft 

Ik 

o 

U 

o 

Ik 

♦ 

ft 

c  < 

< 

u. 

n 

4 

ft 

4 

CM 

ft 

4 

o 

ft 

ft 

ft 

Ik 

Ik 

in 

Ik 

ft 

in 

ft 

ft 

« 

CM 

(/)  < 

1 

ft 

0> 

< 

ft* 

o 

CM 

ft 

4 

CM 

in 

ft 

u 

ft* 

< 

ft 

< 

Ik 

r* 

> 

UI 

4 

4 

UJ 

< 

< 

z 

r* 

> 

UI 

ft* 

4 

♦ 

o 

o 

o 

< 

o 

< 

< 

4 

O 

z 

4 

X  ' 

> 

O 

< 

4 

ft 

4 

< 

O 

z 

4 

X 

o 

o 

4 

o 

4 

o 

< 

® 

4 

1 

ft 

o  in 

♦ 

4 

< 

®  Ik 

ft 

< 

® 

4 

Ik 

o 

< 

ft 

< 

< 

u 

Ik 

ft* 

< 

Ik 

U 

V. 

> 

ft 

o 

CM 

W  M 

ft 

CM 

4 

< 

Ik 

"v 

> 

ft 

o 

CM 

•w 

< 

< 

ft 

< 

< 

< 

Ik 

ik 

< 

< 

ft 

ft 

< 

in 

4 

CM 

® 

ft 

4  k« 

a 

® 

<  O  CM 

r* 

4 

ft 

4 

<  'V. 

•«- 

<  \ 

4- 

< ' 

> 

n 

ft 

< 

UI  ft 

^  4 

< 

CM 

o 

>- 

ft 

< 

UI 

Ik 

^CMO^^r^OO*^ 

O  C\ 

* 

> 

Ui 

< 

O  CM 

u  0» 

4 

< 

< 

ft 

4 

< 

ft* 

4 

>- 

UI 

< 

O 

CM 

u 

4* 

CM 

o  < 

4* 

< 

r> 

o 

4 

4 

ft 

ft  CM 

3 

4 

< 

u. 

< 

< 

O 

4 

4 

ft 

ft 

ft* 

< 

CM 

< 

< 

< 

ft* 

< 

< 

in 

> 

♦ 

* 

o 

< 

UJ 

4  < 

•ft 

<•4 

w 

•- 

®  < 

> 

4 

4 

o 

CM 

UI 

4 

4* 

< 

< 

< 

ft* 

< 

< 

< 

< 

< 

< 

H 

* 

ft 

Q 

>  o 

■^  <  ft  3 

CM 

1 

O  < 

4 

4 

ft 

ft* 

® 

> 

o 

< 

<  \  < 

< 

< 

w  < 

<  W  < 

0. 

CL 

o 

< 

4 

4 

Z  • 

Ik 

4 

4 

3 

< 

Ik 

a 

ft 

® 

< 

4 

4 

z 

< 

« 

ro 

4 

< 

4 

®  ® 

< 

4 

CM 

n 

< 

a. 

U 

< 

< 

IP  u. 

1  3 

CM 

4 

4 

< 

‘ 

0> 

o 

*** 

< 

< 

® 

ft 

1 

4 

ft 

ft 

4 

u 

CM 

CM 

4 

ft 

Mr 

< 

4 

a  u.  u. 
s  a 

♦  <N  CN  I 

^  o  o  ' 
in  * 

<  <  < 
<  <  < 


ID 


'  in  >  *-  o  ♦  o 


>  * 


>u.u.* 

tt  tt  D  >  o  <  •-«  > 

Br<  CM  >  w  ♦  4-  ♦  ' 

O  O  ♦  *  ^  O  ' 

^  ^  a  a  CO  ®  in  ' 

<<<«-^<<<( 
<<<Mi-«<<<: 

M  M  II  -f  II  H  U  II  II  II  It 

?7i0^u.n4n^in®r*® 

<<<<<<<<<<<<<> 

<<<<<<<<<<<<<W 


8 


®  Ik 

<  <N 

<  tt 

w  UJ 

♦  O 
^  ♦ 

ID  CM 

<  > 

<  *  I 

II  ® 
®  > 

<  ♦ 


<0<^<tt'-«w  <wr^>-^ooc0>^®ik(y>’^^a®*-^ik 

®'V.®<<^*+-®#*>* 

<--^<<<aaa>aa’* 

<'^<  +  »Su.ik«u-ik^> 

♦  Ik*  CMCMOCMCM>w 

CMC  OCM^OOOOO*  * 

;  lu  <  <  < 

o  <  <  • 


in  I 

<  I 


H 


^  o  • 
o  in  I 


II  II 


I  n  < 

I  in  in 


<  ^  a  CM 
O  ®  ®  IT 

<<<<<<<< 

<<<<<<<< 


<  <  < 
<  <  < 
4  II  II 

a  ® 

®  in  ® 


QC®®<<<®<<<0)< 
lkl<<<<<<<<<<< 
0<<<«  <<<*  4  << 
♦  4<4tt4<4U.lk<4 
—  0+®®04®®a»4-» 
®®in<<ini/><<Mrin< 
<<rw<<<N<<<N< 

<<^<<<M<<< 


®  ® 
®  in 


O 


CM  n  < 
®  ®  ® 


II  It  II  II  11 


<  <  ® 
<  <  < 
n  ♦  < 
Ot  CL  < 
®  CT  4 

<  in 

<  <  IM 

<  <  ►^ 


in  ®  r- 

(p  IP  ID 


o  ® 

(p  IP 


II  H  II  II 


o 

r* 


CM  n  < 
c-  h* 


:<  <  < 
:  <  <  < 


<<<<<<< 

<<<<<<< 


<<<<<<<<<< 

<<<<<<<<<< 


333 


AA 175=AA48+AA49F*AA 155/AA 101FR  015070 

AA176=AA49F*AA156/AA101FR  015080 

160  AA177=AA49F*AA 157/AA101FR+AA50  015090 

RETURN  015100 

END  015110 


OOOOOOOOQOOOOOOOOOQinOinOOOOinOinOC 

^f^^^’^‘^y^^C4C4C^c4Cic^otc>ics<H<nonnnnr)(nnnr>nr) 

iflinininiDininioinintnininininuiintnininintnininioinininininio 

ooooooooooooooooooooooooooooooo 


w  in 

tn  o 

o  u 

u  * 


«  I 

z  a 

Ok. 

w  in 
«  2  O 
UJ  M  U 

in  ♦ 
in  # 

CL 

O  *>  U/ 

«  uj  X 
2  Z  H 
^ ^ 
2 

2  2 
^  i-i  in 
mm* 


^  m 

m  a 

CL  o 

o 


^  X  **J 

X  u»  a 

a  **  w  I 

w  X  m  a 
2  a 

IM  w  u  2 

m  m  *  *-< 
«  o  ui  m 

iU  CP  •-«  * 

•-  #  x^ 

X  — ‘  CL  ►- 

a  o 
O  u  «  X 
*  X  H 

K  h-  U>  N-' 

UiwX  2 
X  2  I-  - 
o  m 
o  m  •  ♦ 


z  z 

w  a 

a  UJ 

m 

«  X  X  a 

in 

11 

a  o 

O 

2  * 

O  UJ 

o 

X  a  a  o 

« 

K 

cc  * 

IT 

^  UJ 

*  ^  X 

u 

a  o  ♦ 

a 

W  X 

'>s 

m 

03  cv  X  a 

# 

w  «  2  UJ 

to/ 

o 

o  z 

*  m  m  ♦  a 

UJ 

m  UJ 

I 

u  o 

a 

a 

>  a 

*  *  ^  z 

M 

o  iM  m  m 

K 

tot  ^ 

* 

iC 

H-  o 

•  2  m  *-• 

m 

u  m  *  a 

O 

o 

<  n 

rg  • 

►- 

V. 

►“ 

^  * 

O  ^  o  cn 

a 

«  a  ci  o  00 

«  00 

<0 

< 

♦  c< 

« 

U) 

♦ 

2  2 

—  ♦  u  ♦ 

o 

C*  o  ♦-  » 

m  UJ  m 

00 

toi  2 

cn 

•  ♦ 

Ui 

UJ 

♦  >  ♦  K 

00 

00  H  UJ 

« 

M  « 

\ 

2  <  ^ 

IP 

•  (O  Z 

X 

»-  ♦ 

•  *»KUjmujmtoi<^Xuj 

> 

m  isj 

w  o  . 

O  a  X  a 

m 

UJ  > 

10  »  UJ  X 

« 

♦  I  UI  t-  •- 

z  a  z 

•  ^OOiiOCO.OCLNlX 
D23CO  —  2»OiiO*»- 
OQ  OO  ’H 


QC  2  -J  CM  CO 

OD  S  <  N  H  l> 

D  O  to/  a  2 

m  u  a  :)C  ^  a 


I  X  **  m  M 
:  a  X  a  m 
o  a  o  a 


MX^-OO  »  X*->XfN»-i^OXOOO 
*»>iincN»-ozazox  •  ao  •  o2 

•  H  I  K  Q  >  o  O  O  t>  CL  ti  W  It  II  M  CL 
lOHUJHtoin  It  ti  II  liKwvm^NJf^D 

II  toJZNXX>>rsjiNZZZOZZS»~0 
>X^^O»-ZZZZZO«->OOOOOUJZ 

».^-ooooooooo(no«  oooaui 


334 


Ul 

O 

OL 


tf> 

CN 


CM 

in 


CD 

o  o 

o 

o 

o  o 

o 

o 

o 

c 

o 

Q 

o 

o  o  o 

o 

o 

O 

o 

0)  o 

CM 

07  V 

in 

(P 

CD 

c> 

O 

CM  n  V 

in 

0 

r- 

o 

CO  MT 

n 

in 

in 

in  in  in 

0 

0 

0 

0 

CM 

in  tf) 

in 

in 

in  in 

in 

in 

in 

in 

in 

in 

in 

in  in  in 

0 

0 

0 

0 

Nh 

— - 

— 

^ 

0) 

oooooooooooo 

o 

o  o  o  o  o  o  o 

o 

m 

a 

1 

1/) 

o 

a 

• 

a 

I 

o 

< 

a 

o 

• 

u 

to 

a 

•f 

< 

(0 

• 

00 

1 

c 

a 

CO 

• 

< 

H- 

o 

^.r 

a 

n 

m 

1 

> 

. 

X 

a 

z 

• 

a 

h- 

> 

>1^ 

< 

a 

• 

CM 

z 

3 

•-< 

z 

• 

♦ 

m 

M 

Ui 

O 

0 

z 

a 

CM 

♦ 

^  o 

< 

a 

* 

o 

*M  Q 

o 

I 

¥ 

♦ 

m  • 

( 

a 

<n 

a  Ui 

CM 

a 

o 

in 

o  z 

« 

< 

t 

a 

•  o 

« 

4 

a 

a 

o 

o 

or  or 

CD 

I 

w 

t 

m  • 

T  I 

a 

m 

a 

« 

A 

a  uj 

a  a 

< 

a 

0 

a 

-z 

o 

< 

1 

z 

u  o 

<  < 

-*■ 

z 

1 

a 

•  00 

1  t 

CM 

^ix 

a 

♦ 

in 

X 

< 

X  uJ 

« 

a 

1 

a  z 

< 

“x 

WN 

•M 

•  o 

a 

i/i 

■— 

* 

<  a  a 

0 

tt  < 

X  I 

< 

a 

a 

+ 1 1 

a 

I  • 

a  a 

o 

4- 

in 

<-•  a  a 

1 

a  t~ 

'W' 

«-< 

a 

in 

in  ^ 

^  CM 

W  z 

K 

a 

in  o 

a  <  < 

<  >-• 

o  ^ 

a 

♦ 

a 

o 

■  1 

•  I 

o  m 

o 

1 

« 

z 

oo  a 

♦  ♦ 

C/)  CM 

in  a 

0 

•I  in  V) 

X 

•  • 

00  CD 

1 

II 

« 

X 

4 

in  a  a 

O 

a 

II 

<  K 

+  1 

< 

o  a 

*  1  t 

4 

a 

m 

1 

a 

CM  ^  ^ 

a 

z 

a 

.  I « 

a  a 

a 

< 

a 

<  I 

X  a 

O 

CO 


Ui  X  CM 
Z  a. 

>s.  •-< 

^  00  X 
<  tL 
Ul  ¥~ 

z  <  z 
«  o  o 
^ 

3  Z  in 
O  O  Z 
or  Z  u 
fiO  Z  S 
3  O 

moo 


0>  m 
in  o 
^  o 
n  ♦ 
•-  < 
•  n 
n  < 

II  o. 
< 
a  o 


X  X  I  o 
a.  o.  a  w 
o  ^  ^  w 
CM 

Z 
< 


<  <  I 

z  z 

1-4  t~*  I 

1/)  m  • 

♦  ♦ 

<  u 

II  II  I 

00  o 
a  a  I 

<  <  I 

O  O  i 


-^la  ♦wwai  m 

.w'-<  ♦XI<-J'-‘CD 

<aa'^<cM« 

•  X  ^  ^  w  2  ^ 

KaXin  ♦inZ'-'in^-cM 
-»waa  rjo^Ni/)ox>-^ 
.2^^  ♦o<n*oa^ 

mmoo  OCQQDtooaz 
a  *  o  o  O  <1  II  H  II  II  >  a 

wOD'Ii-*'N^  <UJU)UJUJ*^ll3 

w®<a'^ZZZZm»-f-o 

u.  It  II  II  II  H  o  o  o  o  a  m  Ui  z 
«.«oao3><oDooo>aui 


Ui 

z 


3 

O 

a 

00 

3 

i/i 


O 

cv 


335 


SUBROUTINE  GKINEM  74/860  0PT»1  FTN  4 .  S-t^GSO  09/27/89  15.21.25  PAGE 


o 

o 

o 

o 

o 

o 

o 

o 

o 

Q 

o 

o 

o 

o 

o  o  o  o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o  o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o  o 

o 

o 

o 

o 

o 

o 

o 

o  e 

o 

o  o  o  o  o  o 

d 

C5 

V 

to 

to 

CO 

9 

O 

d 

n 

n 

to  <0 

ct 

o 

d 

m 

10 

<0 

00  0) 

o 

d 

n 

V 

to 

to 

r*- 

00 

0> 

o  ^ 

d 

r> 

to 

to 

00 

0>  C 

d  P)  ^  to  to 

tp 

(0 

(0 

(0 

to 

to 

to 

to 

to 

r- 

h*  h* 

h- 

CO 

00 

00 

00 

00 

00 

00 

00 

00  00 

0> 

0> 

(0 

Oi 

0) 

0> 

0) 

0> 

0» 

o  o 

o 

o 

o 

o 

o 

o 

o 

o  - 

^  ^  ^  ^  ^ 

to 

to 

to 

to 

to 

to 

10 

to 

to 

to 

to 

to 

to 

tn 

to  to  to  to 

to 

to 

to 

10 

to 

to 

to 

to 

to 

to  10 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to  to 

to 

to 

to 

to 

<0 

<0 

<0 

(0  to  to 

to  to  to  to  to  to 

b 

o 

o 

o 

b 

o 

o 

o 

o 

o  o  o 

o 

oooooboboobboo 

bob 

o  b  o  o  o  o 

o 

o 

o 

o  o  o  o  o 

o  o  o  o  o  o 

o 

o  o  o  o  o  o 

p 

Up 

d 

> 

P 

d 

>pp» 

d  d 

M 

CK 

d 

Z 

d  d 

I 

p 

• 

C9 

p 

o 

o  o 

4 

ft 

a 

X 

Z 

p 

to 

«J  -f 

ft 

W 

X 

a 

p 

n 

< 

a 

Ui  UJ 

d 

d 

to 

N 

p 

0. 

< 

K 

p 

O  O 

< 

d  d 

UJ 

4 

O 

d 

C9 

<*) 

♦- 

Ui 

u. 

1  1 

ft 

O  CO 

1 

d 

o 

• 

p 

d 

Z 

< 

Ui 

GO 

d 

d  d 

UJ 

PJ  ^ 

ft 

4  ^p 

to 

Op 

z 

CD 

p 

-J  X 

Z 

<  < 

CD 

UI  UJ 

d 

< 

O  d 

X 

UJ 

p 

o 

< 

p 

X 

p 

*  Z 

C9 

ft  ft 

D  O 

M 

M’ 

ft  ^ 

• 

X 

d 

a 

o 

d 

Ui 

♦p  u. 

to 

p 

UI  Ui 

d 

4"  4 

z 

4 

d  I 

to 

> 

• 

< 

X 

o 

~i  u. 

ft 

to 

CD  CD 

ft 

d  d 

ft 

M 

D  ft 

X 

p 

d 

►“ 

& 

< 

•  d 

p 

M 

M  M 

z 

♦  W' 

• 

o. 

p 

z 

< 

iU 

p 

d  d 

ft 

I  K 

Z  to 

UJ 

I  z 

(O 

ft 

•  to 

d 

d 

a 

z 

CD 

< 

to 

CD  Up 

d 

ft  ft 

«-•  o 

o 

ft  ft 

o 

D 

d  o 

X 

d 

X 

p 

z 

p 

p 

Z 

•  d 

to  o 

•f 

u 

) 

>  o 

• 

M 

< 

z 

z 

^  X 

o 

z 

4  ♦ 

to 

Z  to 

4 

M  4 

n 

p 

p 

o 

o 

< 

UJ 

a 

GO  Z 

to 

O  ft 

d  d 

M 

M  O 

ft 

d 

4  ft 

X 

a 

a 

K 

X 

o 

•  a 

ft 

p  p 

CD  CD 

Z 

lO  u 

d 

CO 

ft  d 

• 

ui 

d 

p 

d 

«J 

O. 

p 

d  u. 

p 

u. 

♦  * 

ft 

4  4 

o 

o 

d  LU 

d 

OQ 

Ui 

U) 

d 

3 

Ui 

d 

Q.  d 

ft 

<  ft 

d  d 

d  d 

w 

z 

ft  4 

X 

> 

M 

z 

p 

O 

< 

u.  •- 

a  ft 

O  O 

to 

CO  CO 

ft 

Ui  ^ 

n 

• 

• 

p 

p 

o 

• 

X 

•  u. 

z 

Z  d 

<  < 

o 

<  < 

4 

■ 

a 

3 

« 

z 

0. 

e 

<  I 

«  « 

V 

1  1 

4  ■ 

■ 

X 

> 

X 

X 

< 

• 

< 

Cl 

o 

a  X 

m 

to 

•J  ft 

•  • 

d 

d 

• 

X 

d 

o 

Op 

p 

u.  Z 

X 

ft 

p  p 

d  d 

d 

d  d 

M 

< 

d  Sr 

d 

to 

M 

UI 

O 

U 

X 

CL 

0: 

z 

p 

ft  M 

1  « 

CD 

ft  ft 

z 

o 

M  W 

►- 

> 

p 

• 

z 

z 

UI 

< 

d 

d  u. 

u. 

ft 

^  ft 

« 

•J  u 

d 

ft 

z 

d 

d 

^  ^p. 

X  z 

o 

• 

a 

o 

a 

O 

z 

Odd 

a 

to  ft  d 

d  d 

d 

Ui  UJ 

CO 

d 

< 

CO 

o 

d  d 

ft  M 

Q 

lO 

z 

lU 

p 

z 

X 

^  a  d 

d 

•  Z 

C  O 

ft 

o  o 

u 

to 

d  to 

PJ 

<  M 

'M  to 

I 

> 

X 

a 

n 

d 

a 

a 

UI  pJ  u. 

X 

ft  ft  ft 

.J  «J 

< 

4  4 

UJ 

<  o 

1 

UJ 

UJ 

to  4 

a 

• 

n 

M 

a 

o 

< 

p 

o 

Q  UJ  • 

H- 

a 

^  UJ  • 

Ui  UJ 

♦ 

to  LO 

o 

UJ 

ft  tp> 

d 

o 

o 

UJ  d  ft 

O  CL 

• 

z 

p 

z 

♦- 

d 

-ox 

p 

p 

to  o  K 

O  O 

M  M 

1 

o 

UJ  4 

CO 

1 

1 

CD  *■* 

O  d 

> 

z 

C3C 

-1 

^  -z 

X 

X 

.  (/) 

d 

z  z 

d 

1 

CD  O 

d 

d 

1  X  to 

4  O 

K 

• 

d 

d 

a 

• 

Ui 

to 

O  ^  u. 

Z 

z 

d  ft  *-4 

d  d 

1 

ft  ft 

ft 

d 

•  ft 

UJ 

ft 

ft 

d  ft  o 

o  w 

o 

n 

Z 

N 

p 

d 

O 

a 

X 

pj  a  CL 

u. 

Up 

iS  -  z 

ft  ft 

d 

ft 

d  d 

o 

ft  M  O 

O  4 

o 

> 

H 

o 

o 

o. 

UJ  ^  d 

a 

u. 

CL  ft 

^  -J  -J 

M 

Z  to 

UJ 

ft  UJ 

4 

d 

UJ 

Ua 

-J  Z  4 

ft  d 

z 

• 

p 

O 

X 

a 

p 

o 

O  UJ 

d 

d 

d  UJ  ' 

to  UJ  UI 

♦  d 

ft 

M  O 

o 

UJ 

•J  I 

d 

ft 

o 

o 

UJ  M  O 

d  4 

a 

d 

z 

K 

a 

a 

»>4 

.  O  u. 

d 

<  Oft 

W  o  O 

d  ♦  CL 

4 

to  u 

4 

o 

UI 

M 

o 

4 

4 

O  to  ft 

UJ  4 

« 

> 

tu 

p 

< 

X 

to 

d  •  - 

♦- 

►- 

Q  *  ft 

z  to  +  + 

CD  ♦  d 

4  P 

to 

4 

O  CN 

z 

X 

to 

to 

4  4  d 

>  ft 

• 

d 

lU 

z 

z 

CL 

to 

a  d  X 

p 

•  3 

Z  ft  to  d 

ft  r>  to  to 

'  CL  ft 

d 

d  d 

d 

M 

to 

4 

ft 

ft 

M 

M 

to  CL  UJ 

-P  CN 

I 

d 

a 

o 

< 

O 

• 

X  a  z 

X 

X  Z 

<  d  j 

It  MM 

d  d  o 

4* 

ft  ft  z  z 

M 

to  Z 

^■ 

'  5 

X 

I 

M  d  1 

d  ft 

a 

> 

p 

p 

p 

I 

o 

o 

tn 

CL  O  Up 

z 

Z  ' 

pj  ft  Z  ' 

to  o  z  z 

«  u  O 

d 

<  < 

< 

ft 

z 

M  CL 

to 

o 

ft 

ft 

I  Ul^ 

M  UJ 

o 

« 

M 

< 

a 

p 

u. 

u  X  0: 

a 

u.  3 

p  UJ  ft 

M  ft  ft  a 

*  I  CL 

a 

M 

4  4 

.J 

ft 

I  w 

o 

d  — 

w* 

w 

ft  1  d 

X  o 

d 

Q, 

X 

H 

p 

to 

o 

<  cx  d 

CL 

u.  Z 

ft  o  •  pJ 

X  w  w 

d  d  w 

d  z 

tJ  to 

ft  z 

u 

< 

z 

to 

^p  M 

ft  4 

H- 

p 

X 

U 

< 

to 

z 

.  P  d 

d 

d  - 

d  Z  •  • 

ft  O  Z  to 

ft  ♦  ft 

X 

ft 

d  d 

p 

o 

z 

M  M 

4 

o  o 

ft 

M 

o 

to  d  I 

W' 

X 

tt 

UJ 

tt 

z 

p 

a 

^  ^  u. 

d  -1 

to  <  CL  <0  d 

^  o  <->  o 

<  «  CL 

p 

II 

<  < 

d  u 

M 

z  to 

d 

Z  J- 

d 

to 

o 

O  *-•  ft 

r  -- 

z 

I 

p 

O 

p 

z 

p 

a  a  - 

1- 

•  O  d  ^  < 

Up  to  U 

1  CL  O 

CL 

d 

ft  f- 

z 

4 

to 

M  4 

ft  CO 

K 

4 

4 

y  I  w 

»-  d 

to 

0. 

to 

«*) 

< 

CO 

d 

I  O  X 

p 

p  p 

ft  •  ft  X  O 

IL.  ft  *  * 

d  d  to 

d 

M 

UJ  UJ 

< 

d 

4 

to  o 

d  < 

-J  o 

to 

d 

d 

4  ft  z 

to  •-« 

Z 

d 

< 

o: 

c 

p 

u. 

a  X  z 

X 

X  3  d  d  UJ  a  z 

CO  to  d  d 

4^  UJ  • 

>  I 

OD  ID  -J  CO 

d 

4  ft 

ft 

•  CO 

>  CO 

CO 

d  M 

4  X 

X 

< 

o 

p 

p 

d 

O 

-j  a  cx 

z 

Z  -1 

to  O  ^  < 

M  M  O  O 

♦  +  a 

ft 

W' 

to 

< 

CO 

d  d 

UJ  4 

d 

< 

< 

CD  to  to 

O  ft 

X 

p 

p 

P 

03 

d 

a 

to 

X 

<  •  0: 

CL 

CL  Z  \  d  -1 

Z  X  <  < 

d  d  d 

d 

z  to 

4 

< 

CD  D 

O  d 

CL  O 

to 

4 

4 

4  0* 

O  w 

s 

O 

Cp> 

to 

z 

a 

p 

a 

•  d  d 

CL 

u.  to 

to  ft  1^  - 

ft  ft  ♦  * 

o  «  z 

Z  O  N 

M  O  Oi  d 

4 

4  1 

4  ►- 

-J  • 

00  d 

d 

d  o  o 

ft  z 

p 

> 

< 

p 

< 

p 

d  o  ■*- 

d 

d  < 

<  •<<*-- 

•  •  d  d 

<  «  (0  CL 

< 

to  o  Z  ft 

d 

d  Q 

M  O 

UJ  UJ 

< 

ft 

ft 

ft  4  CL 

d 

tu 

X 

CD 

z 

to 

a  o  u 

d 

t-  ft  ♦-  < 

Ui  UJ  ft  ft 

1  CL  to  d 

ft 

ft 

d 

4  4 

< 

< 

ft 

ft  ft 

z  o 

o  z 

\  < 

< 

<  ft  d 

o  to 

Z 

p 

p 

p 

a 

< 

p 

u. 

<  z  - 

H- 

K  < 

<  M  <  <  o 

O  O  <  < 

d  d  CL 

u. 

< 

_J 

M 

d  d 

ft 

4 

< 

<  d 

ft  z 

4  • 

ft 

4 

4 

4  d  O 

1  4 

ay 

< 

to 

K 

p 

o 

o 

O 

-  U  X 

• 

-  O  O  X  o  o  z 

•  *  ♦ 

♦  o  + 

4- 

4 

Z  CD  OD  < 

4  Up 

d  o  ft 

LO  ft 

O  d 

•  O  • 

o  o 

00 

H- 

X 

X 

10 

n 

p 

z 

d  -Z 

X 

X 

\  ft  < 

to  to  •  • 

4  II  CC 

CL 

d 

ft 

II 

d 

• 

M 

II 

M  d 

K 

d 

d 

d  w  o 

O  ft 

X 

3 

p 

z 

tb 

a 

n 

to 

a 

O  ^  CL 

Z 

z  z 

Z  -Z  Z  -1 

d 

M  M  d  d 

d  CL  d 

d 

d 

M 

II 

II  II 

d 

1 

d 

d  11 

X  «' 

I  H 

to 

II 

I] 

H  '‘s.ft 

ft  d 

4 

O 

00 

o 

p 

o: 

z 

< 

0. 

p 

<  C  CL 

u. 

ft  o 

O  ft  o  o 

X  X  »  • 

— J  d  O  UJ 

II 

Z  O  M  d  < 

II 

II 

M  ft 

ft 

K  ft 

ft  to 

o 

>  o 

o 

O  ■  d 

d  UJ 

a 

X 

z 

a 

UI 

Z 

p 

u. 

-  O  d 

u. 

u.  Z 

Z  d  z  Z  -1 

X 

ft  ft  It  H 

n  ft  11 

II 

d  ft  d  Z  Z  O  D 

o 

O  d 

O  d 

W  > 

II 

N 

o 

o 

O  Up 

U.  4 

X 

00 

z 

d 

p 

d 

i 

a 

O 

Z  d 

d 

d  z 

z  •-<  z  z  < 

to 

W'M  IL  CL 

CL  O  CL 

a 

M 

M 

<  <  Z  ft 

ft 

CL  ft  Z  O  H 

to  M 

ft 

CL 

ft 

CL 

ft  II  II 

II 

II 

3 

o 

bj 

d 

a 

< 

u 

z 

a  CL  u 

d  O 

O  Z  O  O  UJ 

UJ 

U.  U  d  d 

d  O  d  d  Z 

u. 

Z  ^  -J  < 

d 

d 

d  LU 

M 

Z  to 

o  Up  d  o  d 

d 

d 

d  hp  00 

a>  d 

10 

t/> 

X 

u 

a 

z 

o 

Q( 

a 

<  •  - 

u. 

U  ft  U  O  ft 

z 

M  M  O  UI 

Up  a  > 

X  ft 

M 

ft 

to  U  -i  o 

Ui 

Li.  O  to  ft  > 

CJ  *-1 

to  CO  to  o 

UJ 

U.  X  X 

X  4 

> 

+ 

+ 

■f 

+ 

+ 

4- 

•f 

4-  +  + 

•f 

+ 

4- 

8o 


o  u  u 


IT) 


o 

CM 


IP 

d 


o 

r> 


to 

n 


O 


tn 


o 

to 


336 


OOQOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOCOOOOOOOOOOOOOO 

ooooooooooooooooooooooooooooooooooooooooooooocooooooooooo 


'v 

* 

u. 

CM 

CM 

UJ 

O  <5 

< 

t 

« 

^  —  a 

a  a 

o 

i— * 

o  ♦ 

O  C9  o 

a  a 

Ui 

CM 

u.  u. 

^  a  1 

O  O 

® 

ffi 

CM  CM 

a  a  ^ 

1  1 

I 

O  UJ 

O  O  < 

® 

Z 

a 

*  4 

4  4  ♦- 

M  ^ 

. 

^  UJ 

X  X 

to 

to 

CM 

CM  CM 

<  <  ffi 

a  a 

o 

C5 

1  M 

»-  a  » 

W'  w 

z 

CM 

<J 

O 

^  X 

a  a  a 

z  to 

H- 

m 

« 

X 

«  0. 

®  m  CM 

o 

u. 

1 

u. 

tt 

U.  w 

to  u 

CM 

I 

CM  Z 

Z  to  I 

*  4 

CM 

o 

tt  •- 

o  a 

^  •» 

a 

CM 

UJ  to 

to  o 

(5  C 

z 

'V. 

o  « 

«  (0 

<  < 

& 

4  U. 

^  ^  o 

>  1 

•J 

ur 

— '  CM 

a  CD  u 

4»». 

< 

CM 

O 

CM  O 

4  4  4 

1 

M 

1 

w* 

>■«>  ^ 

a  a 

to 

I 

CM 

4 

^  £X) 

a  u 

*N 

a 

CM  0.  CM 

a  a  4 

a  a 

z 

w 

z 

^  «  w  ♦ 

a  •;  4- 

O  O 

a 

to 

a 

I  to  * 

a  a  a 

I  1 

CM 

'W 

o 

( 

CM  a  o  u. 

o  o  < 

a  a 

< 

to 

y 

CM 

M  W  u  CM 

1  1  4 

CM  CM 

o 

* 

a 

CM  X  to  *  CC 

^  'W- 

^  UJ 

CJ 

o 

X 

CM  O  CM  a  O  O  UJ 

O  C5  CM 

X  X 

CM  — ^  tt 

« 

CM  CM  ^  U. 

a 

O  -J  <  '^  o  o  o 

^  a  1 

a  a 

O  CM  I 

CM 

C  O  CM  CM 

_l  UJ  l>  Z  *  U.  4 

• 

a 

a  a  CM 

W'  w 

^  O  CM 

c 

^  «J  <  UJ 

< 

UJ  Q  UJ  1-4  o  rM 

CM 

0  0  4 

»-« 

z  to 

lu  ^  a 

CM 

a 

o 

w  UJ  H>  1 

f 

o  I  CD  to  U.  UJ 

I 

4  4  4 

CM 

a 

c 

O  tu  z 

*  U. 

« 

z 

o  o  Ul 

to 

1  CM  *  ♦  CM  I  CM 

a 

a  a  4- 

« 

a 

* 

to  u 

1  o  a 

♦  CM 

a 

1  I  OD  CM 

•■H 

CM  d,  CM  lu  UJ  4^ 

1) 

n 

CM  CM  o 

4 

♦  4  ^ 

CM  I  ^ 

U,  >- 

CM 

4 

CM  CM  1  « 

I 

&  Z  a  CM  1  CM  I 

a 

M  W  I 

a 

a 

CM 

a  CM  < 

CM  O 

4 

a  a  CM  X 

a  CM 

X  a  I  UJ  ^  Q. 

o 

CM  O  X  I  CM 

O 

4 

a  a  z 

X  a  I 

u.  O 

^  CM 

CM 

X  X  fi.  a 

wO 

a  -j  a  *  CM  X 

II 

a  a  * 

a  o 

<  <  4 

a  X  to 

1 

U.  M 

o 

a  a  X  ^ 

z  ^ 

-j  <  -1 4^  *-•  a  z 

CM 

CM 

I 

^  w  4 

1 

a 

a  NN 

4  4-; 

^  (X 

CM  w 

CM  X 

^  ^  a  z 

<  1  <  CM  I  W  N.4 

a  o  z  to  *4“ 

CM 

4-  X 

(J 

<  -J  X 

♦  ^ 

X  a 

UJ 

<  <  ^  1-4 

to  O 

tu  I  to  I  <-*  a  z  to 

X 

X 

a 

o 

M  o  a 

4 

a 

X  a 

^  ^  » 

M 

1  <  a. 

*  a 

*  II 

O 

1  1  <  to 

«  ♦- 

CMtO*HlOX'-'i-4  « 

D. 

a 

a 

CM 

a 

lO  u  < 

4 

a 

•  II 

4  <  ^ 

K 

C/>  1  w 

u.  o 

U.  CM 

4 

to  to  1  ♦ 

u. 

CM 

>-4-«z*-4aztoo 

It 

a 

o 

a 

H 

•  *  1 

a  o 

a  •- 

a  a  Z 

0. 

•-4  to  Z  CM  ® 

CM  ►- 

CM 

^  »M  M  1/)  o 

CM  O  O 

tOIdX^'-4  4  U. 

a. 

CM  o 

X 

a 

a 

—  ^  CM 

to 

^  M 

a  a  4 

o 

X  ^ 

Ul  « 

>  X 

CM  X  X  u 

tt 

<  <s 

>&watO(OOCM 

a 

N— 

a 

CM 

CM  a  a  4 

a 

* 

>  X 

m  ffi  ^ 

a  X  to 

4-  U. 

a 

X  a  a  a  z  CM 

UJ 

w^Z'-^O*  OUJ 

CM  X  O 

CM  o  X  X  <  <  ♦ 

4 

a 

'  a 

w  w  to 

wa*<v«  fN>-*fMO.i’-'wao 
t/>wCN«z  zoN^aZ(/>'»'i 
OZ®«OU.<  •'v,Z-Ji-^0(/)0 
ll.®r<KKC*4«-^<t/>UOU. 

IC^#(50+  +  *  ‘I^t/ICVCW^U. 
IC9MQMU.U.  'CMaMi-^OOC^^ 

<CZu>r4r4rv>-^  n  VZ<<ffi  » 
ii<ttCNOu>uXO<Q.ii  »  i'U. 
II  It  i«>-ii  iic^ar^wwOOOCM 


'  M  II  z  u.  u. 

I  C*  I-I  CM  CM 
I  a  V  (/>  O  uj 


V)  O  I 

O  u.  I  I 

u  CM  a  1 

♦  u.  CM  o  : 

CM  li  I 

ffl  «  I  CM 
II  lU  O.  ^  < 

O  CM  W  o  ' 

ik  a  Z  Q  I 

CM  UJ  M  X  I 

u.  O  to  a 


(/)(/>*^ZOOU.*-  ^O.*  ^OCi.1 

fflOV>'^*U.CM*  IiH'  I+* 

<U*t/>U.CMOrM  aCMOCM  CLQ.UJI 

>s.>CM*CMOi+'-*'’*-CM'-^n^  •*-»  OCM.J. 

nu.CMC5CMD»0'^'-"'^'^0lCMl  • 

OcMO<®^oorMCMxx  iizai 

‘•>vu.u.wi-<*%0nl»  O.O.CMI 

m  II  II  II  •cMCMXXOOuiCMaa  ^ 

i^o>ooo^u^u.Q.a^'^  •i-^OQ.  *-<0.1: 

li>-iiOOO**»‘M’^'*-'XX»-IOCM  I  Xcmcli 

u.u.u_u.O'^CM(/>c/^fi  VJ 

OCMCMCMCM^'^'—  OOh‘®U.OU.X  W  OIU-I 

t5</»OW4J.XXXUU>>'‘-'O'-i0.  Z  DC.*-** 

CM 

CM  n  ® 

O  O  n 


CM*^  CM^NZ«/)w 

♦  z  ZO^M'-iOCM 

♦  oa<  -^c/^cjz 

>  < 


CM  o  CM  CM  CM 
)  to  U  (/)  O  w 


♦  ♦  o  +  +  *  • 

.  ♦  II  a  tt  •  ^ 

I  CM  ^  a  ^  ^  CM  ►- 

I  -J  O  4U  tt  I 

H  II  H-  II  II  tt. 

:  a  fic  o  a  ^  w 

^  O  ^  ^  X  tu 

I  lAj  u.  a  >  X  a  *-1 


X  m  ffi  < 

Q.  w  w  II 

II  II  II 

o  —  < 

z  z  o 
*-«  <  <  z 

X  -i  >j  < 
a  to  o  ^ 


337 


SUBROUTINE  GKINEM  74/860  0PT«1  FTN  4.8+650  09/27/89  15.21.25  PAGE 


OOOOOOOOOOOOQOOOOOOOOOOO 


OOOOOQOOOOOOOOOQOOOOOOOOOOOOOOOOOOOOOOOOOOOOOQOOOOOOOOOOO 

f-r^r-r^r^epco««)0)®a)o)«)«o>OJO>a>o><P<Pa)0»a>0000000000*“*"*“’"^^'"'*“^*"«cNCN«(Nr<fNC<rjrir)r) 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOCOOOOOOOOO 


ai 

< 

a 

1 

a 

z  ^ 

H- 

1 

< 

NN 

a 

t  4 

w 

1/)  ** 

CD 

O  a 

♦  M 

M 

a  ^ 

I 

CM 

Q  X 

Z 

X 

•“  a 

d. 

♦- 

ft  a 

a 

Q  4 

o 

iO 

w 

4 

(/) 

o 

U4  (/) 

• 

to 

o 

.  ^ 

o 

I 

♦  O 

«> 

o 

o 

CM  AM 

CJ 

a 

•  u 

ffi 

u 

I 

1  X 

« 

i 

CM  ♦ 

1 

* 

ft 

w  a 

a 

w  ft 

a 

4 

♦  '■»' 

•  ^ 

«» 

a  Z 

D 

c 

ft  Ul 

a 

O 

^  •■■ 

'w 

9 

^  4 

X 

o 

ft  (0 

X 

ft  ^ 

a 

a  * 

A 

a 

Ul  ^ 

a 

a 

O  a 

♦ 

O  5 

< 

O 

4  •• 

4  I 

4 

4 

^  o 

a 

M 

^  ^  X 

< 

^  ^  ^  ^ 

CM 

X 

M  # 

a  -S  0. 

D 

a  a  z 

a 

I 

CM 

«i  a 

Z 

-j  -1  a  ^  I 

I 

'«ai< 

a 

•-  a  ♦ 

UJ  ^  CL  i/) 

< 

ui  ui  u  ^  a  10 

< 

a 

1/) 

1 

4-k  M  W  • 

Q  Ui  U  O 

«J 

O  O  lii  ^  X  ♦ 

»- 

w 

o 

4^ 

X  io  a 

t  OiU  V 

1 

1  »  o  ^  a  <o  ft 

u; 

lO 

u 

a 

Q  O 

^  i  o  * 

^  1  o  ^ 

ffi 

o 

4^ 

♦ 

I 

--  C3 

^  <-i  w  O  ft 

o  --  1  o 

o 

C5  O  -  I  iO  U  O 

(j 

^  ■»- 

^  o 

a 

c  ^  <  X  io  ♦  a 

-j  o  a 

u  -j  <  a  o  «  ^ 

e 

* 

(5  O 

^  a 

-j  a 

a  a  D  o  o 

tu  _l  <  ^ 

Ul 

iu  U)  »>  w  o  o  ♦ 

-j  c  a 

^  «J 

<  "- 

< 

a  o 

a  >»<  U  Q  4 

O  UJ  h-  it 

o  a 

O  O  iiJ  Z  *  O  CM 

Ui  ^  X 

kM 

o 

a  a 

a 

4 

O  4 

CD  Z  ♦  a 

4  O  iki  1 

•  o 

4  4  m  i-i  o  ft  « 

o  Ul  a 

CM 

a 

o 

O  O  a  < 

a 

4  •“ 

1  O  ^ 

0.  4  M  ^ 

X 

a  a  1  lo  ft  «>  « 

4  O  J 

« 

a 

* 

I 

4  4 

CD 

CM 

a 

^  i/>  a  a 

CM  a  ' 

i-i  a 

CM  CM  a  ♦  UJ  ft 

«<-  t  < 

« 

ft 

1  ^ 

»i^ 

a  I 

a  4  ^  ■  Ai^ 

CM  a 

X  1 

•M  M  CM  ft  UJ  1 

a  4 

a 

1- 

CM 

t 

a  a 

X 

I  a 

I  a  a  ^  I 

I  i-t  CM  X 

a  ^ 

I  X  «  •  ^ft 

X  a  a 

O 

4 

X  X  a  X 

a  r- 

a  ^ 

a  4-  I  ^  a 

£L  X  a 

w-  o 

a  a  I  Ul  ‘  ^  u» 

a  X  CM  a  o 

a  a  X  a 

^  O 

^  < 

u  a  ^  w  w 

w  a  X  ^ 

CO  <  ^ 

>...<  w  a  I  iM  o 

-j  a  M 

I 

ft 

a  M 

o 

^  a 

a  w 

z  •• 

<  4 

<  I  -  X  z 

(/)  w  a  Z 

o  o 

^Z  IOw^«  I  4 

-»  X 

CM 

I 

_J 

<  < 

-t  z 

^  4  a 

4  ^  a  A-* 

a  u  z  o 

ft^oio-^ia'-' 

4  <  a 

« 

K 

X  a 

w 

4  4 

<  « 

a  i/>  o 

a  a  CM 

a  -A-  X  v> 

*(/)«-•«  QC-^-J 

UiC>0 

a^*a  Q<^0  >aa^w*-4v>i 

*  w<<oD(/)(n'^a 

«<00  K««iO 
O^Ui« 

OH>oui  <ooa.*Q:tto 

i<oo.a— '0^0  I  Z  '^<<<q:^'-<j 

♦  <<^^<NocL  •  ina***^oo* 

•  ♦♦u.^CLitNa  O-^  •  •  -O'  »oci' 

oi  .  ■••H'WMnwooax: 

iciwiiI^Mi»-  •  i/)iiiiii's.aa^* 
in  II  iiotQ.H«*aat/»'^o>OQO 
iOOO^’^0’^^>  n  H-  u  ocjO’-u.u.  ♦  x; 

ttaaazQi-v>wa  o:«Q:o:fl  n  »  u 

Ouiu.O(na>(j*-ii/>OcnouJu.xxx  •  >: 


a  w  *  Qc 

ot  a  z  u-  o 

•-«  CV  M  ^  iO 

X  •^  (/>  w  ♦ 

CL  X  ♦  u. 
wa-^fv*- 
V>  W  CD  ♦  Z 
O  Z  +  ♦  O  I 


►  o  a  u.  <  . 

o  o  •►  +  ♦ 

X  *1  li'  u.  '  ■ 

k  OC  U.  CM  1 

,  #  ^  o  ui  H  : 


« a  Q.  ^  (/> 

’  fM  CM  a  ♦ 

.  t-^  CM  o 

:ix-u 

.  a  a  I  ^ 

I  w  w  CL  O 

:  z  ^  • 

M  O  (/>  o 

.  c/>  U  O  u,  ^ 
»  ♦  ♦u-^- 

I  ^  ^  ♦  It  ' 

:  c3  c?  ^  w» 
.  <  <  o  II  : 
<11  II  n  u.  ( 
:  o  o  o  ' 

t  u.  u.  It  Qc : 


•«-CM«-*CMmOlZ  ♦ 

t/)Xaxazu)u. 

>awawp-  *  •»- 
».^wZ'^i/)(nOiu 
l/)l/)»-«ZO«  o* 
ffi  O  I/)  U  O  it  • 


338 


SUBROUTINE  GKINEM  74/860  OPT-1  FTN  4.8+650  09/27/89  15.21.25  PAGE 


oooooooo 

OWCOfODfOfOCJ 


oooooooo 


339 


o 

< 

a 


800000000000000000000000000 

OOOOOOOOOOOOOOOOOOOOOOOOOOO 


O 

o 

z 

• 

< 

►- 

'N. 

CO 

o 

X 

a 

m 

a 

I 

o. 

<0 

• 

a 

X 

< 

4 

h~ 

0. 

® 

0. 

< 

Ui 

r4 

4 

< 

ffi 

X 

W 

4 

w 

CL 

a 

K 

z 

z 

• 

« 

a. 

Kl 

X 

CN 

CO 

u. 

• 

a 

X 

o 

» 

o 

a 

^  0. 

H* 

CD 

•i 

CO 

0.  X 

1 

o 

z 

z  a 

O 

o 

(J 

M 

a  ^ 

(0 

CL 

« 

CO 

•j  < 

X 

tt] 

a 

♦ 

<  1 

CL 

u. 

c. 

•  < 

K  • 

o 

4 

Cfc. 

<  H 

a 

< 

< 

4 

K  UJ 

CM 

4 

• 

< 

UI  o 

X 

X 

a 

>- 

< 

ffl  ^ 

a 

UI 

u. 

Ui 

w  Z 

M  kH  1 

Z 

• 

CO 

UI 

CO  •-< 

a  a  CM 

CM 

< 

-W 

m 

o  to 

*  ♦  X 

a 

h- 

CO 

w 

CJ  ♦ 

.  .  UI 

Ul 

o 

z 

♦  0 

CM  CM  Z 

CO 

m 

u 

M 

O  4 

4  4  CM 

o 

• 

« 

CO 

> 

^  CM  a 

o 

& 

o 

•»  M 

a 

X  X  ^ 

« 

X 

4 

ffi  a 

a  X 

UI  UI  CO 

o 

CL 

4  * 

X  a 

Z  Z  03 

o 

a 

a  ^ 

CM  CM  < 

X 

< 

X 

a  CM 

•1  < 

a  a  • 

CL 

» 

a 

X  4 

<  1 

CM 

<-•.^11  i:k. 

• 

O 

a  o  »- 

•  o 

'It 

U  U  CM  -1 

o 

< 

^  _J  1-4 

O  ~I 

« 

X  X  X  X  • 

o 

X 

4 

<  UI  X 

•J  UJ 

u 

.  .  UI  UJ 

CK 

»- 

4  o  a 

UJ  O 

U 

U.U.ZZI- 

UJ 

H 

a 

H  4  II 

FM  O  > 

{ 

^  CM  CM  CM  a 

o 

h- 

cv 

a  — *  K 

* 

'  X 

CM  U  U 

>  >  a  CL  CM 

1 

a 

X 

CM  H- 

X  UI 

•k 

K  I- 

I 

X 

o 

z 

CL 

X  U  X  o  UI  z 

• 

o  o 

CM  CM  •  a 

lU 

< 

a  -  a 

2  « 

u.  O  O 

Z  Z  O  O  » 

z 

ce 

Z 

d 

•- 1 

o  CK  a 

<  <  •  •  <^ 

kM 

o 

♦- 

M 

CO  to  O  4 

X  a 

4 

►-  H  K  F-  X  CM 

- 1 

(D 

to 

o  W  . 

K  a 

CM  ♦-  F- 

<  <  ^  ^  C4J  X 

X  a 

« 

Ul  0) 

« 

U  CM  H 

•-« 

w  Z 

•Ir 

a  q: 

*  *  ■  *  Z  UJ 

UI 

z  10  c 

*  Z  -J  X  to  *-* 

« 

o  o 

•  •  -*-  CM  CM  Z 

Z  Z 

«  ^  O  O 

»-  n  I  o 

o  *-  a  X 

0-1  ot 

a  f)  w  w 

0  K  N  II 

a.  u  <  (/> 


<  •  Q.  o  I 

H  K  M  o 

<  X  *  i 

II  X  ui  O  ' 

H-  a.  z  < 


l/1(/^U.CNCNXx;0.<N  CNt—  — ' 

•f  luii  i<iumwCLCNO.(/)a 
u.u.  +  *-CNZZinM  ii^XZ 
<<i^x><cicNaKOxoaa 

II  NffiUJUJa.CL<W»->UI<^X 

iu.u.hZZwwwZ  Z'-^<»-0 

)^€NU.C<CNU.U.U.CJO€Xti  *  W  X 
>>KaaM»-iMa.oaoxttuj 


340 


SUBROUTINE  TRANS2  74/860  0PT«1  FTN  4.8+650  ■)'i/27/89  15.21.25  PAGE 


OOOOOOQOOOOOOQOOOOOOOOOOOO 

OOOOOOOOOCOOOOOOOOOOOOOOCO 


o 

2 

c 

<  o 

• 

\  < 

V) 

H* 

I 

< 

a 

»->  < 

< 

B 

Ul  K 

w 

K 

a  lu 

Ul 

(/) 

w  ffi 

0 

•-« 

2 

X 

M  (/) 

2 

a 

(/>  o 

• 

♦  o 

V) 

N 

0  ♦ 

« 

• 

+  0  ^ 

o 

0 

C 

+  4-^  0. 

w 

•J 

0.  a  I 

Ui 

X  a  X  0. 

o 

a 

O 

&  Z  Cu  .J 

o 

X 

• 

^  Q.  < 

a 

tt 

<  •!  <4 

u 

« 

1  <  4  < 

w 

< 

tf 

H  f  <  H- 

V) 

< 

VI  H  h-  UJ 

M 

X 

• 

mV)  Ul  O 

z 

Ul 

a 

X  M  to  w 

a 

2 

u. 

a  Z  w  2 

M 

• 

w  a.  v»  M 

M  M  CM 

v> 

< 

2  O  V) 

a  a  X 

a 

w 

mV)  U  ♦ 

«  4  UJ 

V)  O  ♦  0 

•  •  2 

V) 

0 

4  U  0  4 

CM  CM  V) 

o 

• 

Ci  ♦  1  ^ 

4  4  0 

o 

a 

u.  a  » a 

CM  >- 

♦ 

X 

4  u.  a.  a  z 

X  X  V> 

o 

a. 

^4  ♦  X  a 

0  Ul  0 

o 

.j 

a  a  -J 

2  2  < 

z 

< 

z  a  cv  ^  < 

V)  V)  - 

0 

0 

ax  4  <4 

CM 

a  a  w 

4 

o 

u  a  o  K  4  0 

« 

U.  U.  11  u  ^ 

9 

<  -)  -J  M  <5  J 

* 

X  X  CM  • 

o 

I 

*  <  0  Z  «J  ILI 

U. 

-  •  X  X  ^ 

tt 

K  1  o  a  0  o 

u 

IklkUIUIW 

w 

V>  4-  »  «  N  O  4 

» 

CM  2  2  V) 

o 

M  V)^  H  ♦  4  X 

CM 

u. 

Ub 

>  >•  V)  V)  M 

4 

X  M  K  ^  X  UJ 

« 

w 

»- 

ww  0.  a  z 

X 

a  z  o  z  o  0  z 

« 

o 

o 

CM  CM  a 

Ul 

< 

w a  -a  • 2  M 

U. 

o 

O 

2  2  0  0' 

2 

tt 

v>  w  K  O  *-•  z 

0 

0 

0 

<  <  •  •  CM 

f- 

O  2  v)  O  <  X  a 

4 

w 

w 

M  W  W  W  X  X 

X 

z  a 

u  M  ^  •  K  a  w 

n 

W 

H 

<  <  ^  ^  UJ  UJ 

Ul 

a  z 

Ul  0) 

4  V)  CM  H>  M  •«».'  z 

« 

0 

0 

♦  ♦  •  2  2 

2 

w  a 

zmo^z-JXcA*-' 

♦ 

o 

o 

'  •  -1^  CM  V)  V) 

V) 

2  ^ 

>-4  ^ 

o  o  <  •  a  o  V) 

u. 

V) 

V)  U. 

CM  CM  X  X  a  a 

a 

M  < 

4 

•  (J 

It  H  tu  Ul  w  H  CM 

u 

V)  • 

az<*-«x4  oc 

II 

U. 

a  4 

—  CM  2  2  V)  X 

X 

4  X 

o  • 

>  a  It  X  Ul  (5  <  z 

u. 

< 

<  u. 

XXV)V)0UlOUl 

O  Ul 

tt  n 

WWW  a  2  <  I  a 

w 

u 

II  0uiuiaa<2H2 

<  2 

ffi  If 

N  HMw^n  N  N 

O 

u. 

U.  It 

22  WWWM 

M 

W'  M 

»-H>ZaZu.u.u. 

o 

CM  a 

V)V)U.U.UbV)OV) 

II  V) 

1/)  0. 

v>oaMa<0u 

0 

>- 

>  X 

aaMMMaoa 

o  a 

+ 

»-  cs 


3A2 


SUBROUTINE  FCT  74/860  0PT=1  FTN  4. 84-650  09/27/89  15.21.25  PAGE 


CH 


o 

o 

o 

o 

o 

o 

o 

o 

o  o  o  o  o 

o 

o 

o 

o 

O 

o 

o  o 

o 

o« 

r> 

in 

(p 

00  c>  O 

M 

n 

in 

ID 

r* 

o 

a>  o 

in 

in 

in 

in 

in 

in 

in 

in 

in  in  (D  (D 

ID 

ID 

<0 

<D 

ID 

(D 

(D 

ID 

CD 

00 

CD 

00 

00 

00 

00 

00 

00  00  00  00 

00 

00 

00 

00 

00 

00 

OO 

00  00 

(O 

3 


O 

CJ 


o 

C3 

i/) 

•fr 

X 

o 


in 

+ 


X 

a 


n 

3 


CN 


X 

o. 


<N 

3 


«  — 

^  3  OD 

•M  \  O 

I  •  * 
a  > 
won  H  ^ 


yf  tfi  ^in<Dr^eoa>  h; 

CMCMinrJWHconcoin^^inminm^'^  • 

<^0<<<<<<0<<<<<<wwc/)a 

It  H  fi  It  »  11  ii  11  IT  It  (I  n  H  i(  X  X  X  K  a 

ii>iPO^cNt*)'»inico^o<w^inipa.Q.^ujz 

33C333333C33333300wttuj 

n  ^10 


O  in 

ID  (D 


O  in 


343 


OOOOOOOOOOOOOOOOOOOQOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

t~r-t'i^t'i~r-r-r'aocoeoooa)oo<DOOO)Oio>0>o><Jio>0>0'0>0'0'0000000000'-*"'-''*-  —  *-'-cxr'(C(CMCMCNrgt'(MCN 
COOOflDfl9flOflDOflDCOODflDCOtiQCOflDOO0flOCO0OCOODflDflDflOODCDCDPOO)0^O)O)O)O^0)O>O)O^O)O^O)Ot(JtO^O^O^9)O)OtO)O)O)O^O)(Tt9) 


I  o  o  o  o  o  o  o  < 


>  • 
a  oi 
.  .o 

a.  X  z  • 

X  tt  .  .fo  < 
rsf  •^a<K 

i-i  Cl  (9  n  K  ui 


oooooooooooooooooooooooooooooooooooooooooo 


0*3  ^  I 

in  a  O  <  I 


o 

•  N  Z  <  lij  00  <M 

. 

•  tf 

<  tt 

N  C9 

in 

0.  IM  •  z  CD  *  ~i 

X 

Z 

a  < 

<  ^  < 

•  <  <  < 

z 

ID 

UJ  •  U  <  •  X  •  • 

z 

o 

>  • 

•  o  < 

01  <  <  < 

4 

XCMOCOCMUJ-^*^ 

u. 

in 

* 

o  in  • 

^  . 

CO  •  •  • 

CM  < 

00 

.<10-1 

u. 

tt 

in 

•  -  in 

OV  <  D 

^  O'  0>  0> 

>  o 

*  9~t  t>t  Q.  <  • 

n 

> 

^  CM 

V  <  o 

<  V  in  IP 

•-*  CD  tt 

a  •  z  <  u  -1  •  oi 

CM 

tt 

T 

in  <  ^ 

<  •  ^ 

<«>«-«• 

•Z  tt 

MCMaZ(D<inGQ 

u. 

CM 

0. 

>  <  < 

<  tt  < 

•  <  ^  < 

CM  < 

z 

N  X  -Z  •  • 

• 

z 

• 

•  •  < 

•  U>  <1 

OD  <  <  < 

X  ^  * 

¥- 

X 

o 

>  O  • 

(X  ^  • 

<*)••* 

u. 

-  •  O  O  <  UJ  0.  CD 

z 

in 

o 

at  o  u. 

Oi 

^  CD  00  00 

•  -1  ^ 

0.  -  «  - 1-  I  o  • 

tt 

tt 

X  ^  CM 

^  tt  CM 

<  n  in  IP 

^  • 

tt 

UIN  •CN^a  •CM 

Ife 

• 

»• 

•  ^  ^ 

<  <  CM 

•• 

<  w  —  ^ 

NJ  •  X 

0.  tt 

UiUlC4^UJ«J<Ma. 

CM 

tt 

< 

UJ  <  < 

<  <  o  < 

•  <  <  < 

UJ  D  ^ 

a 

*«  (-«  Z  -O  <  li. 

6 

Z  •< 

• 

< 

r-  <  <  < 

M  j  • 

»  NM 

•  •  O  ^  •  -1  • 

iL 

z 

z 

O  0»  * 

00  Q  < 

• 

<*)••• 

»  •  CM 

M 

H- 

CL  ^  ^  cn  z  a  •»- 

m 

c 

•  < 

o  o  « 

^  o< 

00 

^  c* 

r- 

I  ^ 

z 

X  X  <  •  <  a  o  a 

X  • 

in 

•1 

•  ^  CM 

^  ^  • 

CM^^iniOC^XD  • 

a.  X 

OC 

X  N  o  a  »-  •  •  u. 

Z  X  B 

« 

UJ  <  ^ 

<  <  14 

<  ^  ^  ^ 

N  Z  -- 

a 

a 

m»xUIO«JXCL  • 

tt  z 

• 

U. 

Z  <  < 

•  <  u. 

4tf 

•  <  <  < 

< 

M  •  .J 

Ul  mJ 

• 

•  •  Z  X  UJ  <  CM  CM 

u.  u. 

tt 

o  •< 

CM  •CM<<0<<< 

< 

•X  • 

O  UJ 

z 

d.’v-ocxoZ'r'OMna 

^  O  fM 

in 

<J  00  • 

D  0»  O 

• 

n  '  •  • 

• 

Z  CM 

-K  -O 

Z  Ui  « 

O  •  X  tt 

Z  n  M  a 

•  z 

ifc.  in  •  ^  X 

^  w  CN  IM  a 

Z  K  Z  rM  • 

•-I  Z  H 

•  a  ^  •  o 

•-  a  z  K 

X  '•iu*- 

a  N  uj  I 

o  N  «-4  a 


I  M  M  ^  < 

:  I  a  X  »- 
,  a  •  X  -t 

-Ott 

.  -X  -o 
a  in  - 
.  n  ^  N  < 
.  w  <  11  O 
)  M  •  •CO 

)  X  u  in  z 
a  -  >  < 
i  CD  ^  ^ 

:  z  •  •  - 

*  o  <  in  K 

>  !-•  X  in 
)  in  z  uj 

>  Z  o  -a 
:  uj  Z  o.  uj 
I  Z  Z  N  - 
I  M  o  ui  N 
)  o  u  a 

+ 


n  Cl  a 
o  <  • 
X  »-  <M 
CX  -J 

•  uj  in 
m  o  a 
o  '  a 
I  a  • 
cx  a  «-i 

-<  I 
-  z  a 
o  <  o 
X  o  o 
a  •  • 

•  V  in 
^  <  in 
OC  Z  ' 

-  z  ^ 
m  <  in 
tt  o  • 

•  •  CM 

CM  a  in 
cx  ^  • 

•  <  ^ 
^  z  in 

QC  <  - 

•  o  u 
r>  • « 
a  n  in 
Z  <  a 

CM  z  a 
o.  <  u 
Z  o  a 
+  4  + 


CM  CM  ►-  4* 

o 

• 

•  o  CM 

< 

u-  ^  I  X 

• 

tt 

UJ  ^  CM 

< 

•  H-  a  u 

> 

Z  <  ^ 

• 

X  •  •  •-• 

o 

in 

o  <  < 

Z  X  X  X 

• 

• 

CD  •  < 

n 

u.  z  z  a 

X 

CM 

-  r-  • 

< 

tt  14  U.  * 

O 

o 

UJ  O 

< 

CM  tt  14  a 

• 

• 

Z  CM 

• 

^  n  CM  o 

N 

CM 

o  <  P- 

O 

I4  CN  • 

o 

< 

<  <  < 

n 

-  H-  »-  M 

• 

o 

•  •  ^ 

< 

X  •  •  in 

>  3  Z 

»-  IP  • 

< 

Z  X  X  a 

O  Z  < 

CM  o  O 

• 

14  z  z  o 

• 

•  -J 

CM 

O' 

U.  •  X  D  •  I  < 
li.lUOZu.  Q.<< 

inz  •  -ciz  •  •< 

fMp->-iin<>-in  • 
KK3C-I  -C'*-O0^ 

•  •  •  •Of 

X»--X3C>ICNX^^ 

Zin^^in«-<a.<< 

a 

iL'N^cMinioacoc)  • 

CM<<<<  •<<« 

I  — 

•  •rMOoaxoo< 

z  z  z  z  z  -z  z  > 
ttooooaoot^ 
ii.ZZZZCMZZ^ 

inzzzz^zz'^ 

CMOOOOXOO< 

KC7uuuauu< 


<o»^r*>^ipinip(nuj  •-! 
<<<CM<^inipr>xo.«j 

•  •<  •<<<<  •lUCM 

r)CMtt<in<<<<^M> 
<OOCX  •_> 

<<cMip'^*ininininMCL  * 

•  <ocM<vm(np^‘-<xcN 
O  -MX 

<<  •  -O  •  •  '  *UJQ.^ 

o*  •u-^<vinior^  -x-i 

CMO<M'^<^*-^*^^t-»  ' 

<CDO<  •<<<<x  •^^ 
<<«'<D<<<<xa> 
-<<  -w  •  -  »  •«rsi_j 

0>  *<<0^00^0  “M  *  I 

<u.  •^^^inioc*D.^-*-  ( 

<cnuL^^'^’^'^^z  'X  • 

0<’^<^<<<<C)ttJ  ‘Ml 
“  '  •  •ZuJ^'v.. 

<  •<^<M<CMrM<M<N  —  ( 

►-cx<^»-^if)iPr^rM  - 

ot^  *K  **-»i 

v^<U.<'>v<<<<’^XC^X 

z<u.  'Z  •  -  •  •ZMa&i 

o  *z»': 

ZOO'^Zvinipr^-iin  -oi 


•j 

in 

m  44 

• 

a 

a  m 

CM 

o 

o  a 

> 

•  o 

_l 

M  • 

in 

in  4x 

in 

CN 

a 

a  in 

14 

X 

• 

“  a 

(j 

U 

u 

K 

• 

• 

CM  4-^ 

O 

CM 

14 

-J 

X 

a 

X  4^ 

»- 

• 

CL  X 

u 

tt 

-  a 

< 

> 

X 

X 

♦- 

a 

0. 

z 

• 

tt 

'W'  V 

o 

a 

14 

M  in 

< 

44 

u 

X 

M 

o 

PM  ►- 

. 

X  - 

-J  rs4  I 

4  PM 

♦  I 

flO 

a  I 

u. 

I  <  <  <  o  • 
»  <  ^  <  u  • 

4  4  + 


:  lAJ  t-4  Q.  X  I 

a  •  z  a  j 

4  4 


O  «  XinONfslC4< 

K>-£LXO\'v'^w'iv 
It-'O-JQ.  4  inCM'^ZM 
»XKUIDin«-**-*«-^UJ'N^ 
a^oo^xxiZNM 
nXH  iixo.aa*-^in 
KaoincLH  M  it^a 

o  II  m  M  ii  o  o  o  ii 
H-i-ixinincM^jo 


w  »-  in  <  <  ^ 
ui  w  a  : 

>  X  4  UJ  ILi  < 

M  M  (0  CQ  < 

u.  in  in  w  > 

<  <  a  z  in  : 

II  M  o  • 

^  <  in  u  I 

-j  ^  H  II  II 

<  <  UJ  CD  CD  < 

u  u  CD  in  o  I 


344 


SUBROUTINE  OUTP  74/860  0PT«1  FTN  4.8+650  09/27/89  15.21.25  PAGE 


ui 

O 

< 

a 


in 


in 


Oi 

w 


C4 


0) 

o 


o 


o  o 
00  0> 
flO  00 
0)  0> 


8000000000000000000000000000000000000 
'-cin^inior^floaiQ^cinninior-oDOO'^wD^iomi^flDOiO^cinviniD 


o  o  o 


_ _  _  _  _  _  ^OOOOOOOOO' 

c>ir)^in«)r^«aiQ^<Nnninior-oDCT>(_  ...  . .  . . 

o>o>a>oof>o»cnoio>oooQOOOoooo^^’^^'^’“^'*"^*“<^f^t^f^*^f^f^ 

OO>OO)OOO>O)O>0>OOOOOOOOOOOOOOOOOOOOOOOOOOO 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 


CD 

u 


in 

a 

z 


X  • 

so  • 


X 

CD 


X 

flO 


X 

CD 


OC 

n. 

o  — 

n 

O  — 

. 

o  -  . 

C3  ^  . 

1 

• 

♦  "s. 

*  \ 

« 

♦  ♦ 

♦  \  * 

GO 

z 

•  CS 

•M 

» w 

H 

'  CM  U 

•  CM  II 

in 

a. 

X  • 

in 

X  • 

X  • 

X  - 

O 

• 

■ 

in  f"" 

0. 

in  p"* 

p-t 

in  p"  •-* 

in  f"*  « 

in 

X 

tt 

•  u. 

Z 

<-  u. 

in 

*  u.  in 

•  u.  m 

tf> 

OC 

u. 

C4  • 

0. 

CM  • 

a 

CM  *  a 

CM  -  a 

+ 

-  * 

* 

•  « 

z 

*  z 

•  ♦  z 

00 

« 

p-  « 

» 

« 

0. 

P*  M  CL 

«  CL 

0. 

u. 

IL 

X 

u. 

* 

u.  * 

u.  * 

u 

• 

• 

tn 

•  *- 

* 

•  H  • 

•  K  ► 

OC 

a 

♦  o 

« 

«  O 

X 

•  OX 

«  O  X 

z 

* 

u. 

H  H* 

M  K 

in 

II  K  in 

H  H-  m 

H* 

a 

n 

M 

» 

tm$ 

u. 

s 

<v 

H  I 

iv 

H  I 

n 

►-  I  ^ 

1-  I  ^ 

t 

u. 

o  a 

u. 

o  a 

O  CL  • 

o  a 

o 

• 

o  ♦ 

• 

o  ♦ 

r- 

O  *  P^ 

O  ♦  P" 

in  ^ 

►w  • 

# 

M 

u. 

M  •  U. 

M  •  U. 

o 

I  X 

« 

I  K 

• 

I  X  * 

X  X  • 

< 

O  H 

a  in 

a  in 

Q.  in  ♦ 

a  in  * 

a 

u. 

OI 


X 

s 

a 


i/) 

CL 

o 


n 

< 

< 


</) 
I  a 


z 

o 


o 

z 


«  •z 

♦  •  H 

«  *11 

»  •  II 

•  CM  a 

•  CM 

•  CM 

•  CM 

X  •  * 

X  •  Z 

X  •  Z 

X  •  Z 

in  oo  • 

in  00  a 

tn  00  & 

in  00  a 

M 

H 

•  IL.  X 

•  u.  ♦ 

•  U.  P 

•  u.  ♦ 

CM  -ID 

CM  •  - 

CM  •  * 

CM  •  • 

in 

in 

•  ♦  X 

•  ♦  X- 

-  ♦  X 

•  ♦  X 

w 

p*  M  in 

p"  «  m 

p-  w  in 

p*  II  in 

»- 

>- 

U. 

u. 

u. 

u. 

s 

Z 

•  ►-  n 

•  p-  V 

•  H"  Mp 

•  K  V 

a 

a 

♦  o  • 

♦  o  • 

«  o  • 

♦  o  • 

a 

a 

»  Q  p" 

B  O  P* 

HOP" 

BOP" 

M  o 

in  K ' 

a 


o 

O 


O 

t- 

o 


CD 

o 


*-«  w 
•-»  in  - 
Z  a  ♦ 

d  #  11 


in  • 
a  ♦ 


in  • 
a  * 


.  X  a  ^  .XU--" 


•XU.—"  - 


m  - 
a 


'  M 

X  DC  — 


CM  Z  O 

X 

a 

10  • 

o 

X  tn 

a 

X 

in 

Ik 

MP 

X 

in 

DC 

X 

in 

u. 

-■  CL  ♦ 

a 

M 

3 

z 

z 

c 

in  • 

CM 

tn 

• 

CM 

in 

» 

CM 

in 

> 

CM 

Ik  II  CM 

X 

O 

o  a 

a 

•  CM 

CM 

CM 

CM 

• 

CM 

CM 

m 

CM 

CM 

— ^  X  n 

Q 

a 

o 

H-  • 

o 

in  • 

U. 

in 

Ik 

in 

Ik 

in 

u. 

X  <  < 

Z 

• 

o 

d 

p- 

•  p- 

« 

UJ 

P* 

k 

lU 

P* 

« 

UJ 

P" 

* 

lU 

B 

z  z  < 

< 

o 

o 

o  z 

z 

3 

00  tk 

• 

• 

CO 

Ik 

• 

• 

00  U. 

. 

• 

00 

Ik 

. 

• 

H- 

GC  Z  M- 

• 

lU 

c  < 

< 

o 

Ik  • 

X 

« 

u. 

• 

X 

♦ 

Ik 

• 

X 

* 

Ik 

• 

X 

Q. 

Ik  a  CM 

X 

3 

•  * 

in 

B 

* 

•» 

in 

H 

• 

« 

in 

II 

♦ 

in 

H 

O 

CM 

6 

a 

z 

d 

I 

«  II 

« 

II 

♦ 

<1 

« 

M 

—  X  in 

CO 

» 

»k 

o  • 

a 

R 

H 

M 

fi 

n 

B 

u.  <  a 

• 

►- 

tn  lu 

lU 

o 

I 

o 

X 

o 

I 

O 

I 

o 

•  Z  o 

z 

-  o 

h- 

1-  ^ 

p*  a 

►- 

p* 

a 

K 

p- 

CL 

►- 

M 

p- 

a 

(0 

K  Z  ^ 

C 

o 

PM 

*  m 

U. 

o 

« 

in  Ik 

o 

p 

m  ik  o 

♦ 

in  u.  o 

00 

o  a  tt 

• 

o 

o 

K  C 

O  PM 

•  a 

• 

o 

. 

a 

» 

o 

. 

CL 

. 

O 

• 

a 

• 

o 

•  •  a 

K 

O  W 

p-  ■— 

X  ♦ 

♦ 

*' 

X 

* 

♦ 

X 

k 

« 

« 

X 

« 

« 

« 

MP 

o 

• 

OC 

• 

O  II 

10  - 

II 

• 

(0 

» 

II 

. 

10 

• 

II 

. 

<0 

• 

II 

• 

P"* 

Ik  O 

H* 

10 

o 

O  K  P" 

K 

in 

X 

X 

w 

X 

X 

X 

X 

w 

X 

X 

u.  o&'»4inKZ 

‘Z->MZui^  ZZOZi'Z^tio: 

.ain<aHX  k  h  •oat-ujo 

m  ww  wmwZZH’ 

.u.Z'^vu.ao  m  u.u.ou.inu.CKi-ui 


KinQ:inKinu.in»-inu.ini>inain 
<  •OC  •<  -  U.  -<  •  DC  •<  -u.  • 

Zvo^Zvr>vzvr>^Zvr>v 

a  -CM  'OC  ‘CM  •«  'CM  *0:  "W  -o 


in 


in  I 


00 


CM  •  a  • 

CM 

.  a  . 

CM 

•  OC  "CM 

u.  P  O  10 

Ik 

P  O  10 

Ik 

P  O  10  U. 

P 

«  Ik  Ik  Ik 

k 

Ik  U.  Ik 

« 

Ik  Ik  ik  * 

Ik 

CM  r> 

CM 

CO  — 

CM 

n  —  CM 

CO 

CM 

CO 

o 

o 

o 

o  o  u 


D 

O 

a 

GO 

3 

in 


in 


O 

M 


tn 

CN 


o 

D 


10 

n 


O 


O 

in 


346 


o 

< 

a 


►OOOOOOOOQOOOOOOOOOOOOOOOOOOCQOOOOOOOOOCCOO 

►OOOOOOOOOOOOCOOOOOOOOOOOOOOOOOOOOOOOOOOOCO 

iCNCMrirMMc>i<Mc^r<iCMryr4rxcsr>icxr^r^c>i<NMcxr><cs(sr4C^c>tc\r^oic>i<NCN(Nr<40tc4(NCNe^cN 

►oooooooooooooooocooccoooooooooooooooooocoo 

i/) 


M 

W  O  P)  t-  Ul 

a 

o 

in  CE  O 

< 

If) 

to  r*- 

CN  •- 

o 

> 

N  2  <  tu  00  c* 

• 

•  < 

<  a  -- 

< 

•» 

fN  O 

a 

M  .  z  00  •  a 

X 

Z 

a  < 

<  ^  < 

• 

4 

4  4 

-  z 

a 

•  O  <  •  X  •  • 

z 

<3 

•  • 

•  o  < 

CD 

< 

4  4 

X 

CM  ff  O  CM  a 

a 

t/i 

• 

o  ® 

• 

tt  • 

r> 

•  . 

CN  4 

CO 

M 

>-  ■^  -<10-1 

a 

a 

</) 

•  ^ 

IP 

(D  <  C*> 

a> 

0>  <D 

>  o 

• 

M  M  oi  a  a  <  • 

n 

• 

•»! 

♦-  ^ 

CN 

'r  <  O 

< 

IP  ® 

^  00  tt 

yr 

a 

•  X  <  Ui  -i  ‘CM 

CN 

cr 

I 

t/i  < 

<  • 

< 

♦“ 

•  Z  a 

fgcMazoo<(/)OQ 

a 

M 

a 

>  X 

< 

<  tt  < 

» 

4 

4  4 

CN  4 

Z 

Nl 

X  .z  •  • 

• 

Z 

• 

< 

'  a  < 

® 

4 

4  4 

X  a  • 

«  ^  Z  X  ^ 

X 

(5 

>  O 

• 

tt  • 

n 

• 

•  • 

M  .  > 

a 

• 

•  u  o  <  a  a  ffi 

z 

1/) 

o 

•  ^ 

Nf 

®  O  a  o> 

® 

CO  CO 

•  a  X 

a 

-  OE  -t-  I  O  • 

a 

a 

X  - 

CN 

^  OE  ex  «t 

IP  ® 

^  a  • 

••  CN  CD  4 

a 

N  •  CN  J  a  •  CN 

a 

• 

-  Mt 

<  <  CN 

< 

fN  -  X 

a 

a  CN  X  a  a  CN  a 

CN 

tt 

< 

a  < 

< 

<  ■<  o  < 

• 

4 

4  4 

a  O  5C 

O  O  O  O 

-  *  -O  <  —  u. 

o 

Z  - 

< 

.  •  ^ 

< 

4 

4  4 

«  a  •  tt 

K  a  a 

• 

•  O  -  -  •  I  • 

a 

2 

z 

O  <D 

» 

a  0  < 

• 

CD 

> 

•  • 

•  •  CN  a  tt 

a 

^  -r>n  z  c,  ^ 

• 

o 

< 

O  O  CD 

NT  O  < 

® 

C- 

r- 

^  a  •-  a 

O  O  O  O 

X 

X  <  •  <  a  o  a 

X 

• 

•  ^ 

CN 

CN 

<.■ 

4- 

IP  a  c- 

X  o  •  -*« 

O  C3  (3  to 

X 

rsi  o  a  »»  •  -a 

z  X  a 

• 

a  < 

<  <  a 

< 

N  z  -  • 

^ 

a  o  «J  X  a  • 

0!  Z 

• 

a 

z  <  « 

-  <  a 

• 

4 

4  4 

4 

~  .  _J  X  *- 

^  ^  ><«. 

• 

•  Z  X  ku  <  n  (N 

a 

a  tt 

O  • 

< 

CN  •a  <  io  < 

4  4 

4 

•D  -Ek.  I 

a  a  a  a 

a 

^oaoz*-«ocNr)a 

^  fN 

VI 

U  CD 

• 

(*)  0>  O 

• 

CD 

• 

•  • 

« 

-  Z  CN  a  a 

CN  CN  CN  CN 

Z  a  -  -  -  Z  X  -)  a 

CN 

CN 

•M  O 

• 

•  O  CN 

<  CD 

®  TD  ®  ® 

a  •  a  a  a 

M  M  M  »•* 

'XCKr)cNa.cLuj«ju.«-x  * 
n«-«u,o<  'OOuj  •H'a> 
Z  .i-*Xk<N  •  -ox  •  •o 
-zxx  • 

ojrsiQ.  >uj(/)»-4C)^u.SZX 
zis  •(^oax-jattu.u.o 
.mh>o  -Oduiunau.  * 

—  *oxa  -Qouj^pjwN 
z^H-aa*-^  •  •ou.ot'^o 
•  •<X®C4  •  • 

r>JUiI*-ZC.t/>ac4X  •  •> 

fS4Mao<o  'Xazxxo 
-  •  -  X  C9  o  r?  a  o  u.  z  z  • 
<  a  -  •u.^Xaau.x 
•  axK  •9(no<Q:c*3au,o 
•XJ'V<V1X  •  -M<Nn  • 

'a»-«uiaz 

X  -o  'Zv  -aa  -►-►“ic 
lairt  •r)<v>oixox  -  •  • 
>^N<ac  -aaxzxxx 
>  <  •-«  O  •  -MO-IttttZZ^ 
>  •CDcxa(/)X<  •aaa'^ 
'Uc/)Za9  -a  -rytMau-rv 
•><  -<'^  •cyci'^cocy< 
eD^-j»“Z</>'^aoacN-^K 
a  <  •  i  — 

•o  o  ( 

o  -  ; 

a  c*)  v)  < 
z  <  a 
•z  -1 
M  z  a  ( 
a  <  u  : 
z  o  a  ( 

+  +  +  • 


a  ui  ^  <N  < 

^  z  <  ^ 

\fi  o  <  <  ^ 

00  -  <  r> 

CN  •r-  *  < 

<5  ui  o  **"  < 

•  Z  ^  CM 

CN  O  <  ^  O 

<  <  <  <  r> 

-  o  •  •  <  < 

X  Z  I-  <0  -  < 

Z  <  CM  O  O 

*  _»  i-i  >»-  CM  a> 

X  •  X  <  CM 

z  u.  a  <  <  < 

•  CM  z  •  •  <  « 

u  (n  <  »-  IP  - 

-j  -  o  O  CD  CM  a> 

-a 

X«NcyX<’^’^< 

X  <  <  O 

lf>  it>  CO  Oi  • 

<< 


<4icy<^j>®r-xa-/0 

•  *<  •<<<<  'lUCM— ‘ 

<  m  OL  -r>  •  »  *  -N 

<<cv<p  —  iptpipjprga  *x 
-<0<NyxyriP®r*»i-«xcy  • 
O  .KJK^ 

<<  •  -C7  •  «  •  •u^a’-x 

a>  •a’^<^ip«ph*  'X— 

-CM 

ooO<  •<<<<x  •  — 
<^<<*)<<<<xa>'X 
<<  -r>  •  •  -  • 

•  <n’^WDnpo  'N 

—  Z  -Xw 

r^a<\<<<<  'a^x 

<0  •  •  •  "Za»-^- 

-^cy<cycy«Nry 
a<  —  »-niOtf>r-rM  *  •ui 

0><'^<^'^^-zar> 

•<0<<<<  'X 

<U.<'X.<<<<«'X(*)U. 

<.  \L.  ‘Z  •  '  *  •’Z«a< 


I  X  I  I 
a  a  a  a 


a  uj  a  lu 
C  ^  V  -I 


XXII 
a  a  a  a 


o  o  o  o 
z  z  z  z 
<  <  <  < 


I  X  X  I 
a  a  a  a 


—  cyn^in  ®r^®0'  O 

laa<<<<0<<<<0< 

<  w  li  II  II  II  It  II  tl  II  N 

.u.a’-cico’VO'-cynno*- 

tMMNNfsjryOKifsiNNiCSrM 


347 


SUBROUTINE  FCTF  74/860  0PT*1  FTN  4.8+650  09/27/89  15.21.25  PAGE 


a 


o 

00 


O 

w 

o 


o  o 
in  (o 
00  00 
O  O 

o  o 


O  O  O  O  O 
t^flOOO'- 
00  00  00  0)  0) 
O  O  O  O  O 
0^  CM  C4  n 


O  O  O  O  O 


O  O  O 
CM  CO 

(n  o)  (T> 

o  o  o 

CM  CM  CM 


o  o  o 


tt 

a 


ffi 

u 

« 

> 

1 

CD 

</> 

« 

X 

X 


Q. 

U 

a 


♦ 

0) 


^  K 

N  w 

'  K 

4^  ♦ 

CM 

w  ro 

X  < 
*  < 

C5  « 

N  CM 

f  « 

CM  ♦ 

•  4— » 


tv  X 

w  « 

X  CM 
♦  CO 
CM  < 

CM  V  fSl  < 

in  tf)  '»>' w  I  I 
inf^r-r*r>xxww 

II  II  n  Z 

H<<<<^r5CM^D 

W  U  II  Hwwwwf-O 
O^CMCOMTXXXXUiZ 
CNNNrMOOOOttUJ 

Mr  in 


o 

(p 


in 

(0 


348 


000<N«tf>OOOOOQOO<v<nirOOOOOOOOfvr>iftOOCOOOOOCNr>inOOOOOOOif)OOOOpOinOOO 

CMC<)^vV9in(or‘eo9)0'**oio«oic^n^intf>r^a}cnoOOO^c^r)^iO(Dt^oocDeoaoo)0«*c^po^iOtD<pt^oo(T»Oc*>cn^if)r^ 

iotntf>intDinintf)intf)tf)tf><Da)tf)<ou>i0<x><0(O(0(O<£r*^f^r^t^t^r^r^i^r^r*>h'Nr^t^r^r*‘aoa)cofiosooo(DcofloaDcoa>cno)cno)cr) 

eN««r*««riwwc^c<«<v<v<vc<CMWC<cvc<<vevcv<^cywc^wcwcycvfMfv«vcvwfvcv<vcvfv«cvcvfvrvrj««cvcxfvcNr^fv« 

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 


o  p  O  in  o  o  o 

IT»  O  c*)  cn  V  If)  r*' 


tt 

Lk 

Lk 

d 

ft 

Lk 

tt 

Lk 

•  CO 

•  CO 

•  CO 

'  (O 

X  CM 

X  CM 

X  CM 

X  CM 

c 

in  ¥~ 

in 

in  K 

in  ♦- 

in 

tt 

•  ■» 

Lk 

•  * 

lk 

•  * 

d 

*  4 

CD 

01 

CM  • 

0) 

CM  • 

0) 

CM  • 

0) 

CM  • 

d 

<4- 

•  X 

•  X 

r- 

•  X 

•  X 

d 

I 

00 

< 

o 

< 

r*  O 

< 

O 

< 

C 

X 

d 

< 

CK 

Ik  CM 

< 

Lk  Ik  CM 

< 

Lk  Ik  CM 

< 

d 

lk  CM 

d 

•j 

a 

•  "v.. 

lk 

d 

'N. 

Lk 

•  V.. 

< 

CM 

*  CM 

CM  ♦  CM 

CM  «  CM 

CM 

4  CM 

< 

W' 

z 

OD 

n 

CO 

^  II 

—  k 

II 

w 

in 

r- 

CO 

H 

K  h' 

ID 

4* 

1^ 

z 

o 

Ik 

• 

^  ik 

•  K  Lk 

•  H-  Lk 

» 

4»  Ik 

M 

u 

< 

a  o  « 

< 

Lk  O  • 

< 

lk  O  ' 

< 

d 

O  * 

m 

CM 

< 

a  o  ♦ 

(D  < 

Lk  C  « 

O  < 

d  Q  4 

< 

u. 

O  4 

♦■ 

u  o 

CD 

•f 

in  (0 

M  11 

(D 

in  (0  *^4  II 

r*  -♦■ 

If)  CO  *-4  It 

4 

in  CO 

p"  11 

u 

1  4!» 

<4  I 

« I 

M  I 

CM  I 

<  tt 

CM 

o  ►-  d 

<  Lk  CM 

o  d  H 

<  a  CM 

O  ♦-  d  4* 

< 

Ik 

CM 

O  4* 

d  H 

tt  o 

<  0) 

w 

K  • 

*  o 

< 

»-  *  ♦  o 

<  0>  w 

4*  *40 

<  0) 

4*  ' 

♦  o 

d 

1 1- 

X 

'v  n  X 

MT  X 

H  •»- 

X 

H' 

•  ^ 

X 

d 

— ‘  < 

« 

O  O  X  — 

— *  <  ♦ 

O  O  X  « 

O  O  X  ^ 

< 

4 

O  O  X  - 

d 

•J  o 

in  < 

o  K  in  x 

0)  <  CM 

O  K  in  X 

CO  <  ID 

o  K  in  I 

<  o 

o  4-  in  X 

u 

<  o 

ID 

•  d 

ID  ^  <0 

r**  V.  ^ 

—4  k4  •>  d 

r**  V.  ID 

•  d 

< 

1  — • 

«• 

•r* 

•  X  CM  ♦ 

•  I  CM  ♦ 

4^ 

•  I  «N  » 

•  X  CM  4 

1 

<  o  < 

in  d 

♦ 

<  o  < 

in  d  •  * 

Mt  O  < 

tn  d  •  ' 

<  o  < 

in  d 

• 

CO  in 

< 

IP 

< 

0)  • 

K  X 

<  in  < 

0>  •  1^  X 

<  in  < 

0)  *1^  X 

< 

in 

< 

o>  • 

4*  X 

CO 

w  o> 

1 

< 

+ 

a 

a 

Mf  — 

u.  in 

+  <  4 

Lk 

Lk 

MT  — ‘  u.  in 

4  <  4 

Ik  lk 

n  —  Lk  in 

4 

< 

4 

d  d 

V 

Ik  in 

X  ^ 

< 

CM  o: 

a 

—  MT 

»  • 

— >  <  CM  U. 

Lk 

— ^  <  CM 

a  d 

< 

CM  U. 

lk 

—  V 

•  . 

X 

1  ^ 

CM 

+ 

« 

CO 

CM 

• 

♦  CM 

CM  +  ♦ 

CO 

CM 

•  — '  ♦  CM 

CM  4  4 

CO  CM 

•  '•^  4  CM 

CM 

4 

«■ 

CO 

CM 

• 

4  CM 

z 

1 

w 

CM 

« 

CM 

— 

4-  X 

« 

w  CM  * 

CM 

— 

►-  X  M 

w  CM  ♦ 

CM  — 

4-  X  II 

w 

CM 

« 

CM 

— 

1-  X 

II 

o 

— 

—  ^ 

X  ♦  ^  ^  H-  j  •  w 

*  *  a  n  n  'O^u. 

(ocfxzzocna  « 

^^♦aa^-Q.*  n 

<  X  tf>  a  a  M  '  • 

<  #  •^cncMl^xi- 

'  ©■^ci'^aeMino 

Cl  ^  <  H-  H  •  w  -  O 

♦  <<-«^'^QXin*-» 

^  X  X  2  •  •  V) 

^•fi-izz<oa)a 


^  -J  •  00 

CN  >1  II  •  O  *-4  Li. 

^  w  X  K  k-  ^  I  • 

(  X  z  z  o  <n  a  « 

'  Lk  U.  ^  CL  *  H 


:  u.  u. 

cn  n  ci 

I 

<  K  >- 
;  < 

:  +  X  X 


X  X  t-  ^ 
a  Cl  in  o  cn 

.  w  .  o  . 

o  X  in 

2  '•mu. 


<  X  in  a 

<  ♦  ^  CO 

♦  «  cv 

CM  ^  <  V- 


li  •  O  ^  U. 

X  ^  I  ' 

z  o  m  a  « 

Ik  (L  «  M 

a  ' 

CM  X  X  K 

*“  C.  CM  If)  o  CO 

K  «0  • 


<'fxxz  '  'inii. 

'•fMZZ<OCOQ.  ' 


X  ♦  4-^  »“  K  _)  •  00 

*  CM  II  II  •  o  •-*  u. 

ID— ‘'-^XXI-i-'I  ' 
r^cMXZZOma  * 

—  w*cj:a»-a*  n 

<XO)U.Lk—  »  * 

<  *  inCOCMl>— XK  — 
•f  00  —  CM  —  cLCMinon 
CM  MT  <  K  •  '  O  • 

«  <<— ^-sOKin  —  t^ 

«<*»>XXZ  '  -lou. 


CM  « 

X  d  d 

M 

lk 

4 

4 

CM 

—  X  Ik 

lk  • 

Lk 

* 

4 

CM 

M  X  Ik  ik 

lk 

♦  • 

CM 

—  X  CK  d 

. 

M 

Ik 

4 

♦ 

D 

d 

^  X  d  d  d 

X 

• 

i: 

X  d  lk 

Lk  ' 

X 

■ 

• 

II 

X  d  d  d 

X 

» 

•  11 

X  a  u.  u. 

I 

• 

* 

it 

Z 

o 

X  d 

O  CO  CM  o  d 

4 

X 

X 

d  O  (0 

CM  O  d 

4 

X 

X  d  o  CO  CM  O  d 

4 

X 

X 

d  O  CO  CM  o  d 

4 

X 

k« 

♦  O  O  CM  — 

CO 

• 

tl 

in  d 

4 

O  O  CM 

—  CO 

• 

II 

in  lk 

4 

O  O  CM  — 

CO 

• 

II 

in  lk 

4 

O  D  CM  — 

CO 

• 

11 

in  d 

4 

CO  o 

*  K  4- 

4- 

- 

d 

1^ 

O  4  »- 

4  • 

• 

Lk 

O  4  1^  ♦- 

1- 

•  d 

in  o  4  K  4 

» 

• 

Lk 

z 

o 

ID  4 

in  •  • 

4* 

CM 

CM 

ID 

♦  o  • 

•  4* 

4- 

CM 

CN 

4* 

♦  -V  .  . 

I- 

♦- 

CM  CM 

4 

4  00  •  • 

K 

4 

CM 

CM 

O 

ID 

—  €/> 

— 1-  c 

4 

10  CO  >-  ►-  C5  CM 

4 

lO  MT  4*  ►- 

O  CO 

♦ 

. 

to  in  4- »-  C5  ^ 

« 

o 

00 

<  44 

-  o  o 

o 

• 

4« 

4- 

< 

—  o  O  • 

O 

• 

r- 

►- 

< 

M  —  <5  O 

o 

• 

4  I- 

< 

44  —  C5  o 

o 

• 

4 

4- 

< 

<  •  • 

4- 

X 

lk 

« 

< 

—  <  • 

•  h~ 

X 

Lk 

4 

< 

w 

X 

Lk  * 

< 

4* 

X 

Lk 

d 

1  'w' 

<  DC  d 

O 

• 

ID 

• 

* 

w  <  ik 

u.  O 

m 

ID 

• 

• 

w  <  lk  lk  O 

• 

ID 

«  • 

w  <  d  d 

D 

• 

ID 

. 

• 

o 

r- 

w  • 

woc  a 

ID 

W 

4 

X 

in  > 

1  lk 

Ik  4- 

<0 

♦ 

X 

in  » 

«  wo;  d 

4- 

ID 

*  X 

in  • 

I  W'  lk  u. 

4* 

ID 

w 

# 

X 

lk 

t1  II  H  CO  CM  M  w  H  <■  in  ><  II 
(''•OCttCM—  ZUI<  -0*'4U. 
XftttHHaKZi-icoi'-Xu. 
CL  CO  CM  w  w  w  M  Qc  m  •  d  CO 
OCM  —  ikU,u.CKOCLt^OOCM 

OKh*^^«-ii-4^ik  «  ikOQH- 


H  <■  in  11  II  11  CO  CM  M  w  K  II  m  II 

<  >0*iNlkU.CM  —  XUi< 
Zi-^€OHXU.U.f-KaKZi*^CO^X 
Qccn  •  dcocMwwwMftm  •  d 
Odt^OOCM  —  u.u.u.CK0dr**00 
lk«li.(90^H-  —  «-4«.4Su.»U.OO 


II  u  II  CO  CM  f-  H  m  11 
«U.U.CM  —  Xuj<  'O*-* 
iCLQCI-^dKZ—COKX 
d<OCMwww*iHCSfC/>  •  d 

ocM  —  u.u.u.aOdr^oo 
♦  ikCDO 
•f  -f 

CO  CO  ^ 

o 


CO  CM  *-4  w  H  II  in 

CM  —  I  IW  < 

h-  I-  d  I-  Z  CO 

I a  i/>  • 
Ik  U.  Lk  DC  O  d  c** 

M  M  M  ^  ik  *  Ik 


m  o 

O  K 
u  : 

♦  X  < 

CD  d 

M>  •  ( 

— ‘  o 

OC  Z  I 

X  <  i 

d  • 

U  •  d  - 

M  <  o  O 

M  +  CO  • 

I  •  U.  I 

IdCOI-—- 

.  CM  -w  c  in 

I  —  X  *05 
I  I  WK  -  C 

:  d  m  o  '  < 

.  II  o  (p  ' 

o  u  ► 

I  d  «  X  uj  < 

I  CM  <  d  K* : 

t  N  w  W  C 

;  X  d  u.  q:  ( 

.  d  O  <-<  2K  L 


OOQOOOOOOOOOQOOOOOOOOOQOOOOOOOOOQOOOOOOOOOO 

We^CMtNMW«nC<C>*MCM«M««ClO*CMC<CIC^CIO*CMMCjfSWfSr<WCXWC^r<WW«S«WWCi 

c^CNC4nf^c^c^r^CNC^MMC4C^C4C<ci(vc4Ctfr4C4C«<MCit4cscNrvMc^cxr^r^C4C4cxNc^cNr4C>tC4 

ooooooooooooooooooooooooooooooooooooooooooo 

•  u. 

>  •  w 

a  C4  z 

►  -  O  -  C3  n 

ILXZ*^  </>  WMCiCS 

xa-*co<  tt(/)  «*««#  00 

K-^a.<K  ♦♦♦♦Q.  u. 

t-^dOnKuj  U.O  au.au.N 

•  hiZ<UitQCM*«-  C^CVCVCVN  ♦ 

CL»-«-Z(D*^KZ  o.  It 

ui-u<*x**ZO  •  ujuiuiui^ 

OOOOZ 


o.  -x 

f>j  ci  a 

MX  • 

^  •ii*  *»" 

-  .O' 
Q,  ^  a 

Ui  M  .  < 

UJ  iU  M  ‘ 

W.  M  z 

.  .o 

a  ^  .  • 

X  X  < 
X  M  C9  i 


•  n  < 
o.  <  K 
n  K  uj 

<  Ui  to  CM 
Z  8D  •  •i 

<.x*- 

C3  CM  UI  ^ 

•<  X  O  -j 
CM  ^  a  <  • 

<  Ui  ^  *01 

Z  OQ  <  (/>  ffl 

z*«^« 

<  V  2X  ^ 
<9  <  Ui  O.  CO 

•  H-  X  O  • 
CM  ^  a  -CM 
rd  UI  ^  CM  CL 

•  o  <  u. 

^  P5  z  a  -* 

*<  0.  O  CL 


tn  -  X  a  ' 
a  n  M  a  I 
o  Z  : 

•  .  X  I 

•-•  CM  N  a 

tn  Z  M  .  I 
a  .  I 

•  •  o  : 

•-•  z  ^  H-  I 
X  •  uj  M 
a  M  uj  X 
o  M  *-<  a  I 


X  a  X  f- 
CL  >  X  -J  ^ 
w  QC  iM  UI  C 

*-  X  •a 
o  a  I/)  •€ 
<  -J  M  <  c 
CL  <  «  o 
Z  •  -to  i 
<-<  o  c/)  Z  c 
•  >  < 
UJ  CD  -J  ' 
Z  '  •  -c 

t-i  <  I/)  H 

*-  X  «/)  c 
3  Z  M  UJ  C 

o  Q  '  a  : 

fic  Z  a  UJ 
OD  Z  M  .  ( 
3  O  UJ  M  C 

tn  o  M  DC : 

+  +  • 


)  i  O  CM 
*S  X  .J  a 
i  a  CL  UJ  -I 
I  .  o  O  UJ 
•CM  •  •  o 

I  teN  . 

J  V)  •-  o  ^ 

)  a  X  .j  a 

*  O  CL  UJ  ^ 

•  O  O  UI 

•  2  '  •  O 

[  X  <P  CM  • 

i  a  I/)  a  CM 
c  Q  •  X  a 
)  o  CO  a  o 
.  *  u.  u  X 
r  to  Q  <  a 

[  to  I  •  • 

•  oc  ^  ^ 
r  ^  -  Q  n, 

[  to  CM  X  o 
i  -  u.  .1.  s: 
'  CM  o  w  DC 
.  to  X  <  • 
r  •&.  -  CM 
I  -  CM  o 
[  to  Q.  O 
[  .U.  <  X 

)  o  o  -a 

-  H*  I  CM  • 

)  to  QC  O  ^ 

[a  •  <  C9 

« .  o 
■  a  o  I 
[  o  X  a  CK 
)  oc  oc  <  • 
+  -►  +  -♦• 


to 

CM 

CM 

CM 

CM 

tt 

(O 

« 

* 

* 

4 

• 

• 

« 

« 

4 

4 

u. 

o 

CL 

u 

a 

U. 

• 

CM 

CM 

CM 

CM 

S  Z 

o. 

CL 

cc 

a 

OC 

Z  O 

• 

UJ 

UI 

UI 

UJ 

u.  to  * 

<9 

o 

o 

a 

O 

U  CL  to 

« 

« 

* 

4 

CO  .•-• 

H 

CM 

CM 

CM 

CM 

CM  CL  X 

<o 

M 

M 

M 

M 

u  CM  a 

> 

0m 

•  z  • 

• 

4 

4 

4 

4 

X  <9  - 

> 

to 

to 

to 

to 

Z  to  <9 

• 

M 

M 

M 

M 

oc  oc  • 

3 

•M 

u.  •  — 

. 

H 

II 

N 

II 

CM  CL  < 

Ui 

K 

K 

K 

^  a 

z 

o 

o 

o 

o 

w  Z  Z 

o 

►- 

K 

3  < 

o 

to 

to 

to 

to 

X  -  to  ^ 

• 

pm 

4^ 

z  X  a  • 

Ui 

CL  Z  •  U 

z 

U.  U.  CL  ^ 

o 

►- 

K 

K 

►- 

CO  CL  4-  to 

O  u. 

CM 

<M 

CM 

CM 

CM  CM  *-•  • 

•  ••» 

M* 

•iM 

4^ 

U.  —  X  CL 

Ui  CL 

X 

X 

X 

X 

•  K  a  •*“ 

Z  UI 

a 

a 

a 

a 

X  •  .  to 

o  o 

Z  X  X  • 

to  • 

UI 

UJ 

UJ 

UJ 

U  Z  Z  CM 

•  CL 

o 

«j 

o 

u 

a  u  u  O 

UI  ^ 

CM  CL  U  * 

z  a  a 

CM 

CM 

CM 

CM 

^  n  CM  CM 

O  UI  M 

tmrn 

U  CM  < 

<  a  IN 

I 

X 

X 

I 

-  Q 

*  •  ^  — 

a 

(L 

a 

a 

I-I  <  <  o 

I  X  Q  O  K 
.  a  to 

•  z  z  - 
I  a  o  o 
CM  z  z  -I 
:  •-<  Z  z  < 

I  X  O  O  UJ 

I  a  o  o  a 


to  to  I  to  -I  CM  o 

o  o  a  CL  '  oc  • 

O  O  O  O  UJ 

*  «  ii  n  M  o 

OD  U  Z  Z  X  «  X 

II  II  M  u  ^  (L 

UI  UJ  M  M  w  rsj  w 

Z  Z  I  to  W  W 
O  O  CL  (L  U.  M  b. 
<  O  O  O  ^  « 


I  I  *  M  to  O 

a  a  4  N  0.  K 

>...r  UI  M  Q  M 

CM  •  CM  •  CM  Z  X 

♦  Q. 

*X*Z*0'^*- 

u<fX<u«<^to  O 

CM  •  CM  •  CM  K  ♦-  UJ  Z 

cs: a a  o  to  CK  < 

UI^UJKUIKUJUJ 

o  O  O  to  CJC  « 

«M»»-4«IMUJUJ  O 

CMlCMXCM'...'*fZ  CO 

«  a  ♦  a  «  *  *  D 

♦  .  ♦  ■  *  z  ^  I- 

UUJU.UJCLm'^#  MMC9 
.“0^-4  •-♦MM  •'-' 

a  •CL  aiuji'^'^U'CM 
U»**UJ—  UJCLZCL^^^i^O  ' 
0«0*-DOOOltOI-t£) 

♦  i*X*'-'Owaa«-w 
•»-a-“£L^**  ♦  ti  •»  I'luj 
fMwfSJwMMUJt->OOaK 

rM>^MwNXZt0i^^44w'i-4 

MUMUMQ.O(LXtOU.QC 


♦-  »-  to 

<  <  CL 

>  z  z  ♦ 

a  CL  •  o 

I  O  O  X  z 

U  U.  to  UJ 


352 


o 

< 

Q, 


in 


CN 

in 


O) 

00 


(N 


Oi 

O 


OOOOOOQO 

vin(pr^cD0>o^ 

WCiWCMCMCiriM 

MC^C^CMMCNMCN 

oooooooo 


in 

It 

O 

1 

a 

UJ 

in 

I 

0. 

n 

1 

d 

o 

H 

II 

§ 

d 

0. 

>< 

X 

fSJ 

fM 

It 

a 

u 

in 

in 

r^ 

u 

o 

o 

O 

1 

1 

t 

in 

UJ 

UJ 

UJ 

n. 

O 

in 

to 

O 

in 

00 

M 

00 

0> 

V 

rv 

o 

o 

r* 

• 

1 

CN 

in 

O 

II 

n 

u 

a 

1 

„ 

UJ 

UJ 

11 

a 

K 

X 

z 

M 

O 

(5 

u 

tt 

Ul 

in 

in 

O 

O 

O 

O 

X 

o 

h 

o 

<N 

0. 

C< 

z 

O 

II 

in 

00 

z 

in 

10 

0> 

II 

00 

0) 

o< 

a 

z 

0> 

H 

CD 

n 

< 

0) 

H 

o 

M 

GO 

o 

z 

H 

< 

O 

u. 

cy 

O 

Z 

i2 

in 

o 

z 

M 

u 

Ci 

o 

o 

n 

II 

N 

K 

N 

a 

0 

o 

cn 

oc 

tt 

H 

Ul 

a 

CM 

a 

H 

H- 

ft 

o 

< 

a 

< 

< 

Z 

UJ 

z 

a 

c; 

UJ 

UJ 

Ul 

o 

cy 

O 

O 

(0 

cy 

in 

1 

1 

r* 

Cl 

•V 

Ui 

Ul 

in 

to 

01 

cy 

0) 

CO 

o 

in 

yr 

II 

II 

i( 

a 

N 

II 

II 

fSI 

n 

N 

N 

z 

cy 

in 

N 

N 

M 

tm 

in 

in 

P** 

o 

O 

o 

1 

1 

r- 

C- 

1 

UJ 

UJ 

O 

o 

Ul 

Q 

1 

1 

r«* 

O 

cy 

Ul 

Ul 

cy 

in 

CO 

O 

00 

00 

cy 

in 

0> 

n 

n 

cy 

o 

yr 

CO 

It 

II 

H 

«. 

II 

II 

a 

UJ 

UJ 

cy 

UJ 

cy 

in 

UJ 

Z 

•M 

> 

>■ 

in 

p- 

o 

O 

O 

1 

1 

O 

O 

1 

Ul 

UJ 

1 

t 

U) 

O 

00 

Ul 

Ul 

in 

yr 

O 

y» 

00 

in 

N 

in 

0) 

cy 

00 

cy 

o 

in 

CO 

yc 

CO 

II 

It 

fi 

H 

u 

a 

X 

<y 

in 

X 

X 

X 

X 

X 

Z 

•M 

in 

n 

00 

K 

ID 

r- 

00 

cy 

• 

in 

CO 

II 

II 

o 

o 

u. 

u 

& 

m 

cy 

X 

I 

a 

a. 

u/ 

00  09  O 

in  n 

r-  cv  <N 


o 

GO 

cy 

I 

O  O  00 

a 

Q. 

GC 

in  ^  CO 

CO  cy  • 

tu 

UJ 

O  O 

C 

o 

•  •  II 

Q 

O 

00 

in 

O 

o 

in 

in 

p^ 

cy 

DC 

in 

O 

II  M 

in 

o 

in 

o 

o 

cy 

cy 

O  Ci 

^  ^  o 

I 

a 


X 

I 

cs 

cr 

a 

o  g 

a 

Q, 

yr  O  " 

X 

X 

n  CO 

a 

a 

c 

O  O  CO 

•j 

-j 

CO 

8 

O 

•  •  ft 

< 

o 

< 

O 

n 

cy 

cy 

O 

O 

II  N  Q 

cy 

CO 

o 

00 

It 

II 

II 

cy  00 

in 

It 

O  C9  O 

o 

O 

cy 

cy 

> 

cy 

a 

a 

a 

in  cy  a 

< 

< 

ti 

cy 

00 

cy 

cy 

®  ^ 

O 

O 

■D 

•  ■  Q 

o 

o 

o 

in 

o 

in 

in 

cy 

cy 

cy 

tn 

11  II  cy 

II 

II 

oo 

^  cv 

« 

« 

cy 

CL  a  il 

a 

a 

N 

N 

S  & 

o 

cy 

o 

X  X 

a 

X 

O 

X 

X 

ft  it  a 

< 

a 

< 

ft 

a 

o 

-inor)-f 
r  ^  ^  ui 

9  r>  o 

•  •  •  •  n 
‘  ^  00  O 

•  in  (*)  o  <N 

fo  fO  • 

It  II  11 

)  O  O  O 

.  M  K  M  II 

.  a  in  in 

4  n  hN  •-«  «> 

:  1 1 1  a 

.  £L  a  a  (N 


I  00  00  cs 
r-  CN  ^ 

>  0>  to  (D  O 
.  .  .  .  + 
01  O  UJ 
t  O  n  CN 
I  <N  ^  ^  O 
II  n  It  ^ 
w 

I  O  Q  O  • 


;  X  X  z  H 
.  a  a  a 


8QOOO<^<NC><0O^cn^'^e(0 
OCOCOOOO-^^^CMWW^ 


OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

IIZXIIXIIIIIIIIIIIIXIXIIIIIXIXX 

&acLao.aQ.aaaaaaaaao.aaaao.Q.CLaQ.a.Q.aaa 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

+  +  +  +  +  +  +  +  4  +  +  + 

u<^U)€OU(tf)iuO>uinuiOujr-‘UiOuj«-iijOujt^ujr^ku^uj^ujOuj^uj^ujc>iiijtnuiif)uj**’UJ^uic>iujr^wr^uj^ui^iucsiujniucMujr> 
lnr)lncotf)^^nu^n^•^OMC4^flo^or)’^oo^cNtf)^^^-»-r-^o®o>n«o^ln^eooQO^c'^t^^^ln^<ocv^DO<o^^<o<vtf>^-5f*-^va>0(^l^ 
O  -n  ‘D  •«  •<*)  •«  •«  •«  -<>4  *04  O  ‘O'  •«  ‘t-  •!©  -  V  •«  -O  ■«  to  CS  -o  ‘tf)  Q  •«*)  IT 

conn^<*)4CC7<7>Ofvr>o>nionf^«OncNninnr^c40wc^f'4Vf'4r^c'40>o4*“CNvc^tf>'^CD’-0*"<N^’'J‘^tf)OcoOOOtNO^r‘<r^f^i 

.«•-  .•-  .  c>i  '  Ch  •  CH  CH  -CS  W  ‘CS  cn  •  n 


M  O  M  O  M 
X  D  X  O  X 
CL  M  a  o. 

o  </)  o  </>  o 

D  a  o  CL  o 


0^0^ 
Q  X  o  X 

M  ^  M  ^ 

®  O  (/>  o 
&  o  a  o 


tAC(/>0®OU)0®0(/)C3®0(/>OU)OC/)0®0(/>0®0®0 

aoa.ocLoaoaoo.ocLoaoaocLOo.oaoo.00.0 


If}  .|f)  .|f)  .to  ‘ir  >10  <10  •If)  >10  if)  *10  *10  ‘(f)  ‘®  ‘to  •  io  ‘  <i>  •  •<**•  •  ‘CD  •  a  ■  a  o>  *0  'O  •  ^ 

•  ^  .  n  ‘  n  n  ^  ‘  ^  ^  ^  ^  ^  •  X  •  n  •  ^  •  n  ‘  ^  ^  n  ^  ^  ^  ^  ^ 

II  ■  H  N  M  N  M  «  )l  M  N  N  M  It  H  N  II  n  II  U  n  11  N  II  II  U  M  H  II  M  tl  i>  H  II  H  II  il  tl  II  H  It  It  M  N  II  It  U  N  It  H  N  il  II  N  H  il  M  N  II  N  M  N 

a®CLt/)a.®a.(/)fL®fL(/i&®ac/)a®Q.®a®o.i/>Q.(/)a.(/)a®a®a®(Lt/)a®a(/)Q.®o.i/)a®a(/>CLcno.t/)ai/)(Lt/)a®a®a®i 

zaza.zcLZazo.2aza2o.z&2a.zo.zcLZa.2a2azazazcLZo.zo.z&.zo.2a2o.za2o.2a2o.z^Z(LZa 

fi.acLaacLfLaa.CLQ.aaaKaa&CLaao.aacLaan.aaacL 


®Otf)Otf)0(no(noinoif)Otf}Otf>o®oinoinotnotf>oir>Otf>o®o®o®o®or*-0(^or^OKO®o®oo)0®ooo 


11 

M 

•« 

« 

II 

II 

^  II 

H 

-■ 

II 

-■ 

II 

-■ 

n 

If 

-■ 

N 

^  n 

u 

-■ 

It 

- 

N 

- 

It 

N 

~ 

It 

-■ 

H 

II 

u 

<k» 

II 

H 

- 

M 

-■ 

M  H 

- 

II 

- 

H 

- 

N 

■ 

H 

c 

H 

O 

II 

o 

M 

o 

H 

o 

H  o 

II 

O 

II 

o 

II 

O 

u 

o 

II 

O 

II 

O 

II  o 

H 

O 

II 

O 

H 

o 

II 

O 

II 

o 

It 

19 

II 

O 

li 

H 

It 

<9 

N 

19 

II 

w 

u 

O  i>  P 

H 

P 

II 

P 

II 

o 

M 

P 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

Z 

z 

z 

Z 

z 

Z 

2 

z 

z 

z 

z 

z 

z 

Z 

z 

z 

z 

z 

z 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

fV 

to 

Oi 

n 

tr> 

r> 

r) 

CN 

in 

CM 

r- 

« 

® 

® 

o 

a* 

® 

CO  CD 

® 

in 

® 

IT 

® 

n 

in 

® 

in 

CO 

o 

in 

CM 

CM 

® 

a 

® 

CM  in 

o 

CO 

® 

n 

a  If)  r- 

® 

®0^n<N0in®tf)0®n 

•r  »  O  <»  t' 

CN 

r'  in  00  O 

r- 

®  p-  m  ®  w  ®  o 

o 

CN 

®  ®  in 

in  a 

®  in  ®  a  cr 

CM  ® 

G> 

in  ®  in 

o 

M 

«> 

o 

in  o  tM 

in 

®  ® 

® 

r>- 

c* 

®  C«)  O  ® 

CM 

CO 

Mr 

®  in  ®  ® 

® 

n 

5 

0)000 

ocMOnOMrOino® 

4- 

a 

CN 

® 

®  ®  in  o  1 

® 

n 

CN 

r4 

Cl 

o 

® 

® 

in  ^ 

n 

CM 

o 

o 

Mr 

P) 

CM 

®  CM 

a 

CM  in 

CM 

CO 

CM 

CM  ®  CM 

a 

CM  in  CM 

CO 

CM 

CO 

’It 

n 

® 

n 

o 

p) 

CO 

CO 

CM 

CM 

CM 

CM 

CM 

o 

o 

o 

o 

O 

u 

n 

It 

II 

M 

•  II 

• 

II 

II 

II 

a 

II 

II 

•  u 

II 

H 

II 

It 

II 

w 

II 

II 

II 

H 

II 

II 

II  •  M 

II 

It 

U 

H 

1^ 

1^ 

r- 

c* 

f*- 

P' 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

»• 

H 

K 

L- 

K 

^  h- 

K 

h- 

K 

K 

♦- 

I- 

K 

L- 

H 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

4- 

a  ••  a 

a 

a 

a 

a 

N 

O 

N 

o 

II 

o 

n 

O 

n 

o 

II  O 

n 

o 

n 

O 

II 

O 

n 

o 

II 

o 

II 

o 

M  O 

It 

O 

II 

O 

II 

O 

It 

o 

II 

O 

II 

O 

II 

o 

II 

O 

n 

o 

II 

O 

fl 

O 

It 

O 

N 

O  ••  O 

II 

o 

II 

o 

II 

O 

II 

o 

o 

o 

o 

o 

o 

O 

o 

O 

O 

o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

O 

O 

o 

O 

O 

o 

O  O 

o 

o 

O 

o 

U. 

U. 

^•1 

u. 

fc>4 

lk 

M 

Ik 

lk  •-• 

lk 

»H 

Ik 

M 

lk 

lk 

ik 

»>« 

a 

Ik 

a 

•-4 

a 

M 

a 

a 

k4 

a 

k4 

a 

M 

a 

k4 

a 

k4 

a 

k4 

a 

k4 

a 

k4 

a 

a 

M  a  M 

a 

k4 

a 

k4 

a 

*•4 

a 

k4 

ii.Zu.Zu-Xti-Zu.Xu.Xu.Z 

Ik  X 

ik 

X  u.  X 

Ik 

Xu-Xti-Xu-Xb-X 

u.  X  U-  X  U-  X 

a  X 

u.  X  u.  X 

a  X 

a  X 

a  X 

a  X 

a 

lax 

a  X 

a  Z 

u.  X  u.  X  1 

cv  a 

cv  a 

CN  a 

C4  a 

ctf  a 

CH  a 

C4  a 

Cl 

a 

cr  a 

Cl  a 

C4  a 

CM  a 

CM  a 

CM  a 

CM  a 

CN  a 

CM  a 

CM  a 

CN 

a 

CM  a 

CN  a 

CM 

a 

CM  a 

CM 

a 

CM  a 

CM 

a  CM  a 

CM 

a 

CN  a 

CN 

a 

CN 

a 

u. 

Ik 

Ik 

Ik 

Ik 

Ik 

ik 

lk 

ik 

Ik 

Ik 

ik 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

p 

o 

p 

p 

o 

w 

w 

O 

® 

(0 

Mr 

a 

o 

® 

CM  a 

CO 

p 

MT 

o 

S 

O 

o 

6 

o 

o 

o 

o 

CM 

n 

CO 

MT 

in 

a 

® 

o 

CN 

CO 

Mr 

®  a 

o 

CM 

O 

o 

in 

C4 

o 

n 

c* 

n 

o 

Q 

Mr 

o 

tp 

in 

a 

CO 

CO 

® 

•  ®  ' 

CM 

CM 

a 

® 

If) 

r> 

C4 

in 

CM 

O 

♦* 

O 

® 

a> 

O  CN 

k— 

CM  CO 

CM 

in 

CM 

a 

cv  O  tv 

MT 

CN  ® 

CO 

CM 

CO  a 

CO 

w  n 

®  ^  «  V 

® 

D 

m  K 

n 

w 

CM 

CM 

CM 

CM 

CN  ^ 

CM  ^  CM 

CM  MT 

MB’ 

CM 

CM 

K 

CM 

MJ- 

CM 

MT 

CM 

^  n  ^ 

CO 

n- 

CO 

MT 

MT 

5r 

V  ^ 

V 

NT 

Mr 

MT 

^  Mr  ^ 

n 

II 

n 

II 

5r 

H 

'V  n 

II 

H 

II 

N 

II 

II 

V  H 

Mf 

n 

n 

II 

II 

II 

II 

II 

N 

MT 

II 

Mr 

II 

II 

n 

n 

MT 

K  MT  M 

II 

n 

II 

MT 

11 

u 

H 

■ 

M 

II 

M 

H 

k* 

U 

11 

NH 

II 

k4 

II 

M 

11 

II 

kH 

II 

fl  •-* 

« 

N4 

a 

k4 

U 

»-4 

u 

k4 

n 

n 

k4 

H 

k4 

II 

II 

w 

••4 

H 

k4 

II 

M 

II 

M  n  1-4 

II 

il 

n 

H 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

I 

X 

X 

x 

X 

X 

X 

X 

X 

X 

X  X 

X 

I 

X 

X 

iL.  a. 

u. 

0. 

Ik  a 

lk 

a 

lk 

a 

Ik  CL 

Ik 

a 

ik 

& 

lk 

a 

lk 

a 

Ik 

a  lk  a  ik  a 

a 

a 

a 

a 

a 

a 

a  a 

a  a 

a 

a 

a  a 

a 

a 

a 

a 

a 

a 

a  a 

a 

a 

a 

a  a  a 

a  a 

a 

a 

a 

a 

a 

a 

u. 

u. 

tk 

lk 

Ik 

Ik 

Ik 

Ik 

a 

lk 

ik 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

n 

n 

w 

® 

® 

n 

n 

® 

C*) 

cn 

P) 

® 

p) 

n 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

w 

CO 

CO 

w 

CO 

CO 

CO 

CO 

CO 

CN 

CM 

M 

« 

C4 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CN 

CM 

CM 

CM 

CM 

CN 

CM 

CM 

CM 

u. 

u. 

Lk 

Ik 

Ik 

Ik 

lk 

Ik 

a 

Ik 

Ik 

Ik 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

fl  N  U  N  N 

►-  H  K  H  K 


F23FF  =  4.4598  F12FF  >16.9814  PN  =  1.2233  PNPSI  =  1.2233  DOPHI  >  .8875E+06 


o 

01 

00 

00 

00 

00 

IP 

o 

in 

CM 

CM 

(0 

00 

01 

CM 

CO 

MT 

<y> 

CD 

00 

CD 

00 

00 

00 

o 

00 

CO 

CM 

CM 

to 

CO 

CO 

CO 

o 

K 


I 

a 


I 

a 


I 

d 


I 

a 


X 

a 


I 

a 


^ 

OZQXQZOXOZOX 

(/)0(/>0U)0</)0(/)0</>0 

dOdDdOCLOaOdO 


r- 

in 

CM 

in 

O 

in 

r-* 

<p 

in 

01 

CO 

IP 

in 

<0 

n 

r- 

IP 

00 

01 

CM 

n 

in 

in 

in 

< 

in 

CM 

r'* 

CM 

fv 

o 

r- 

o 

o 

o 

n 

MC 

Mr 

n 

MT 

H 

II 

M 

H 

II 

II 

II 

II 

II 

u 

If 

It 

a 

M 

o 

Q 

M 

C 

M 

o 

o 

<n  m 

m  M 

in 

•H  in 

in 

in 

d 

in  d 

in  d 

in  d 

V)  d 

in 

d 

d 

Z  d  Z  d  Z  d  z 

d  z 

d 

Z 

d 

d 

d 

d 

d 

d 

in 

fv 

o> 

in 

CO 

CM 

f- 

in 

O 

CM 

o 

o 

o 

O 

in 

o 

01 

$ 

(p 

n 

MT 

IP 

o 

01 

o 

CM 

o 

CO 

O 

in 

n 

in 

C') 

in 

n 

in 

CM 

o 

o 

o 

o 

M 

H. 

M 

K 

II 

n 

II 

(9 

H 

o 

II 

o 

If 

o 

11 

O 

II 

O 

M 

z 

z 

z 

z 

z 

z 

d 

d 

d 

d 

d 

d 

CD 

o 

CM 

o 

0) 

CO 

Mr 

CM 

01 

in  IP 

Mr 

00 

CM 

IP 

in 

IP 

00 

O) 

o 

in 

CM 

in 

CO 

c; 

Mr 

CM 

MT 

in 

00 

in 

CM 

CO  IP 

CO 

in 

CO 

CO 

CO 

CO 

CM 

CO 

CM 

01 

0) 

o 

o 

o 

o 

il 

II 

II 

II 

M 

n 

IP 

IP 

r* 

H- 

h- 

h~ 

K- 

H 

o 

M 

o 

II 

O 

H 

o 

n 

o 

H 

o 

II 

a 

o 

O 

o 

o 

o 

PH 

d 

PH 

d 

PH 

d 

d 

d 

PH 

d 

X  u. 

I 

d 

I 

a 

I 

a 

I 

a 

X 

d 

d 

CM 

d 

CM 

d 

CM 

d 

CM 

d 

CM 

d 

CM 

d 

d 

d 

d 

d 

d 

O 

0) 

00 

00 

00 

00 

00 

cn 

CM 

CO 

00 

in 

to 

o 

IP 

CM 

CO  IP 

CO 

n 

Mr 

CM 

V 

0> 

00 

^  CP 

r4- 

MT 

to 

CO 

MT 

01 

cn 

01 

01 

• 

u 

II 

CO 

u 

CO 

II 

n 

H 

n 

•mrphhmiimiimiimii 
I  X  Z  Z  X  X 
dddu-dlkdi^di^dd 


O 

*- 


00 


(0 

a> 


(0 

CM 


in 


10 

Oi 


I 

d 


I 

d 


X 

d 


I 

d 


I 

d 


I 

d 


I 

d 


I 

d 


I 

d 


X 

d 


*P 

IP 

<p 

IP 

IP 

!£ 

. 

r- 

r*  r- 

r-  ID 

ID 

ID 

IP 

IP 

o 

o 

o 

o 

o 

o 

CO 

CO 

CO 

M» 

MT 

O 

O  O 

O 

o  o 

o 

o 

o 

o 

L 

4- 

+ 

4 

4 

4 

4 

4  4 

4 

4  4 

4 

4 

4 

4 

Ui 

CO 

Ui 

to 

Ui 

CO 

Ui 

to 

Ui 

UJ 

Ui  IP 

Ui  00  UJ 

Ui  CT1 

Ui  ID  Ui 

r- 

UJ 

(T» 

di 

O  Ui  CO 

Ul 

o 

C 

(p 

00 

01 

(0 

in 

r* 

Oi 

IP  V 

IP  O 

4-  00  in 

oo  CO  in 

00 

CO 

CO 

<0 

(Ti  r*.  <Ti 

CM 

h' 

in 

00 

O 

(0 

M 

II 

il 

u 

II 

11 

II 

01  • 

^  ^ 

•  00  • 

r-  •  CM 

CM 

CM 

•  CM  • 

MT 

m 

CM 

CM 

r- 

00 

IP 

CO 

in 

00 

n 

4-  in  4- 

O  O  MT 

O  ^  00 

GO 

CD 

CO 

00 

00  IP 

00 

90 

in 

00 

IP 

in 

IP 

in 

rv 

in 

r- 

in 

1- 

►- 

¥~ 

♦- 

p- 

K 

MT 

<o  — 

CO  CO 

^  CO 

CO  <  r* 

1 

C' 

r- 

4-  r-'  CM 

CO 

CO 

CO 

<0 

CO 

(0 

o 

o 

o 

o 

o 

o 

o 

• 

' 

1  •  1 

I 

d 


I 

d 


X 

d 


I 

d 


I 

d 


X 

d 


I 

d 


l« 


It 


II 


•- 

IP 

00 

<T 

in 

dOdbdbdOdO 

00 

in 

CM 

o 

r»- 

CM 

00 

00 

Ob 

in 

»- 

IP 

IP 

IP 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

OXOXQXOlOXOXOXOXOIOIll 
kq.  ^d  *^d  ^d  »«4d  ^d  ^d  ^d*^d  ^d' 
t/>0t/>0i/>0tn0i/>0i/)0l/)0(nD(n0(/>0<| 


cn  *-  •-  V 
r)  ro  ^  n 


ID  CM 
^  CO 


o 

a 


o 

o 


o 

c 


o 

o 


o 

o 


o 

o 


o 

o 


lO  ^  CC  •- 

CO  CM  CO  M 


Or*  — 

lf)CNl^^lOOl^(^ln(^lO(Bv^‘* 

CM 


lO  — 

CO  CM  CO  CM  n  CM  CO 


CO  CO 


(/) 

d 


(/) 

d 


(/) 

d 


tA 

d 


(/> 

d 


I/) 

d 


I/O 

d 


II  II 


CO 


Cl 


•  Ml 


o  o 

^  (/>  M  to 

l/>  d  U>  d 

CL  Z  Cl  z 
d  d 


a  « 

*-•  I/) 

in  d 

d  z 

d 


i/oduod(ndc/>di/>d(/)din 
dZdZdZdZdZdZdZCj 
d  d  d  d  d  d  d 


a 

O 

CM 

CO 

CM 

oo 

o 

CO 

in 

K 

01 

CO 

01 

in 

Ip 

IP 

IP 

CO 

IP 

CO 

'^T 

in 

IP 

IP 

IP 

IP 

in 

in 

IP 

^  MT 

CM 

MT 

01  MT 

CO 

N 

IP 

MT 

« 

CO 

CO 

CO 

CO 

CO 

CO  ^ 

CO 

CO 

CM 

o 

01 

01 

CD 

□ 


orOro^o-^o-^ocMO-o-^o^o-^t! 

■  ^  ^  '00  •  C>  •  Oi  •  Oi  ‘00 


<n 

a 


</o 

d 


<n 

d 


in 

d 


in 

d 


in 

d 


in 

d 


II  CM  il  CM 
O  II  CO  M 


ti  CM 
C5  M 


II  CM  H  CM  M  I  II  H  II  I 
o  II  O  II  O  II  V  H  C9  tt  O  M  C9  »  ( 


z 

d 


z 

d 


z 

d 


z 

d 


Z 

d 


Z 

d 


Z 

d 


z 

d 


z 

d 


Z 

d 


01  ^ 
'  00 
O  CO 

in  • 
CO  in 


o> 

in 


^  O) 
•  in 

10  CM 


o> 

^  01 


CM  CM 
00  > 
IP  in 


00 


II 


00 

CM 


O  U. 

o  d 

•-4  CM 

I 

d  K 


O 
O 
ID  •"< 
-  X 
O  d 


o 

o 

ID  •- 
--  X 
O  d 


O  11> 

o  cc 


CM  (D  •-*  CM 
^  ^  X 
M-  O  d  »- 


O  d 
O  d 

in  CM  in 

«-  I  ^ 

O  d  d  o 


o 

o 


oor-ODOir^r^flDO»  — 

r-CP^c**o>r-iDin4nco4 

oo’“h-coin0^^coo>focor‘OD*“iDino)rooD* 
cMCOoir^ipoicoooiin  o>  — ’»-Mr*^r*cMint 
■^ini^iCOiCM  ^  CM  CM  ^  O  o> 

I—  ^^^^cooocooor' 

II  •  II  •  II  >11  •  n  <11  >11  •  M  *11  *11  •  I 

OIOOIOIOIIDIOIPIPIP 
O  i>  O  <1  O  <■  O  I'  O  II  O  II  O  II  O  t<  O  II  O  M  c 

ooooooooooc 

XdXdXdXdXdXdXdXdXdXd: 

dCMdCMdCMdCMdCMdCMdCMdCMdCMdCMC 


^  01 
0> 

■  CO 
0>  • 
O  CO 


CM 


X  d 
d  (0 


1 

I 

t 

t 

1 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

II 

II 

N 

• 

H 

d 

d 

d 

d 

Q 

o  c 

o 

O  V  — 

O  CM 

o 

CM 

in 

o 

00 

IP 

IP 

r-* 

00 

o 

r- 

01 

O  00 

r- 

CO 

CO 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CO 

CO 

CM 

•  CM 

CM 

IP 

CD 

IP 

in 

n* 

01 

01 

o 

CM 

00 

6 

d 

00 

(71 

(71 

01 

K. 

IP 

O 

CO 

CO 

CO 

CM 

CO 

CO 

CO 

•- 

N 

r«> 

O  CM 

o 

CM 

o 

CM 

ro 

CM 

Q 

CM 

CM 

CM 

CM 

CM 

CM 

00 

CM 

00 

CM 

00 

CM 

00 

CM 

00 

o 

o 

o 

c*> 

o 

II 

II 

H 

II 

II 

11  M 

It 

II 

II 

in 

II 

in 

II 

in 

II 

in 

B 

in 

il 

CO 

il 

n 

II 

CO 

tl 

CO 

H 

CO 

1 

1 

« 

1 

CM 

d 

II 

d 

If 

d 

If 

M  U. 

n 

d 

« 

00 

<P 

it 

II 

•H 

N 

w 

II 

» 

•H 

» 

M 

kH 

• 

NH 

H 

M 

a 

X  oc 

X  a 

Z  a 

X  OC 

CO 

tl  4- 

I 

X 

X 

X 

X 

X 

I 

I 

X 

I 

cou.arou.droddcou.dnd 


ddddddddddddddddddddC 


d 

d 

a 

QC 

a 

OC 

CM 

CM 

CM 

CM 

CM 

CM 

o 

NH  m 

DC 

d 

d 

d 

d 

d 

d 

d 

(X 

d 

(0 

CO 

CO 

CO 

« 

(0 

K 

K 

d 

d 

d 

00 

I 

(0 

CO 

CO 

(0 

CO 

CO 

CO 

CO 

CO 

CO 

CM 

CM 

CM 

CM 

CM 

CM 

1 

d 

z 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

d 

d 

d 

d 

d 

d 

o 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

00 

CM 


01 

CM 


O 

O 

w 

TO 

TO 

TO 

II 

N 

n 

N 

d 

d 

d 

d 

z 

o 


CM 

CO 


n 

o 


o 

z 


CO 

8 

o 


tf) 

CO 


(p 

CO 


in 

> 


in 

> 


IP 

CO 


UJ 

ui 

d 


r*  K 

^  < 
d 

00  Z 
CO 


IP 


O  I 

*§ 
o  o 


CO 


00 

CO 


0> 

CO 


o 

n  ^  ^ 


CM 


CM 


d 


d 

X 

o 

U  I 


d 

> 


d 

> 


357 


IPS  I 


00045  PHI  »  211.32  PHIDOT  «  39.07  G  =-.0144  PSID  =  316.44  PSIDOT  =  -44.97  PHITOT 


(T 

in 

0) 

0 

0 

r) 

Ot 

in 

« 

0 

(0 

in 

in 

in 

00 

0 

0 

r- 

CM 

r^ 

00 

r« 

00 

m 

a* 

Oi 

a> 

0 

0 

C4 

n 

5r 

in 

10 

r** 

00 

c» 

0 

fO 

in 

f- 

00 

0 

CM 

0 

in 

n 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

r- 

u 


N  H  (I  n 


M  a  II 


K  H  H  M 


« 


z 

0. 


z 

a 


z 

a 


z 

a 


z 

a 


z 

a 


z 

a 


z 

a 


z 

a 


z 

a 


I 

a 


z 

a 


z 

a 


z 

a 


z 

a 


z 

a 


I 

a 


I 

a 


z 

a 


z 

a 


in 

in 

in 

in 

in 

in 

in 

in 

in 

$ 

in 

c- 

C- 

r- 

r- 

h- 

f^ 

C«* 

0 

0 

C 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

5 

c 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

+ 

•f 

+ 

■f 

+ 

+ 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

Ui 

0» 

Ul 

n 

Ui 

00 

Ui 

in 

Ul 

in 

Of 

r** 

Ui 

n 

Ui 

CM 

Ui 

in 

UJ 

in 

Ui 

00 

UI 

03 

UI 

UI 

in 

UI 

in 

UI 

UI 

CD 

UI 

n 

UI 

IP 

UI 

0> 

UI 

0 

UI 

n 

UI 

UI 

O) 

UI 

UI 

h- 

UI 

CM 

UI 

CM 

Ui 

0 

UI 

CO 

Oi 

00 

0 

0 

0 

CM 

CM 

n 

in 

in 

CO 

in 

01 

n 

CM 

in 

00 

01 

in 

MT 

n 

01 

0 

in 

CM 

n 

0> 

V 

00 

00 

c- 

in 

r*» 

0> 

in 

»- 

00 

n 

Mr 

0 

cn 

00 

0> 

r- 

CM 

h* 

0 

00 

0 

in 

CM 

0> 

00 

00 

0 

CM 

10 

CM 

0 

00 

0> 

CM 

h- 

Mr 

h* 

0 

03 

CM 

h* 

CM 

r- 

CO 

01 

in 

n 

0) 

W 

0) 

n 

0 

CM 

0 

6 

CM 

0> 

0 

00 

in 

in 

in 

m 

in 

0) 

in 

r> 

in 

n 

00 

n 

0 

r> 

0 

CM 

0 

CM 

CM 

CM 

•• 

CM 

CM 

n 

CM 

cn 

n 

CO 

D 

M» 

in 

in 

in 

in 

in 

r- 

00 

h* 

in 

r* 

in 

00 

00 

00 

00 

0> 

00 

a> 

00 

0 

00 

00 

CM 

00 

n 

00 

0) 

in 

01 

in 

<Ji 

f*** 

0i 

00 

0> 

•- 

0 

CM 

n 

•• 

Mr 

in 

in 

CO 

0) 

0 

CM 

cn 

' 

1 

' 

1 

' 

‘ 

1 

1 

1 

1 

» 

1 

CM 

1 

CM 

1 

CM 

1 

CM 

CM 

1 

CM 

• 

CM 

CM 

1 

CM 

1 

CM 

n 

n 

n 

CO 

1 

N 

H 

N 

II 

It 

H 

11 

11 

II 

II 

II 

ti 

II 

u 

Ii 

II 

II 

II 

H 

M 

N 

u 

II 

tl 

If 

M 

V 

tl 

II 

M 

If 

« 

If 

It 

H 

II 

II 

N 

II 

N 

ii 

II 

Ii 

11 

II 

H 

Ii 

H 

ii 

H 

n 

U 

II 

N 

II 

II 

H 

ii 

II 

Ii 

H 

►- 

►- 

u> 

K 

K 

»- 

H- 

K 

K 

u 

►- 

r- 

t- 

K 

h- 

K 

K 

►- 

►- 

►“ 

►- 

K 

t- 

K 

K 

K 

M 

0 

M 

0 

0 

•H 

0 

0 

0 

0 

PH 

0 

0 

0 

M 

0 

0 

pH 

0 

H4 

0 

0 

0 

PM 

0 

0 

0 

H4 

0 

•H 

0 

PM 

0 

0 

H4 

0 

PM 

0 

PH 

0 

PH  0 

PM 

0 

PM 

0 

0  « 

Z 

0 

z 

0 

z 

a 

z 

a 

z 

0 

z 

a 

z 

0 

z 

a 

Z 

0 

Z 

0 

z 

c 

z 

c 

z 

0 

X 

0 

z 

0 

I 

0 

z 

0 

z 

0 

z 

0 

z 

0 

z 

0 

z 

0 

z 

0 

I 

0 

I 

0 

X 

0 

z  0 

z 

0 

z 

0 

X 

0  z 

a 

M 

a 

PH 

a 

•»« 

a 

a 

M 

a 

a 

a 

a 

»H 

a 

M 

a 

a 

*H 

a 

M 

a 

M 

a 

a 

M 

a 

M 

a 

a 

tH 

a 

a 

PH 

a 

PM 

a 

PM 

a 

PM 

a 

PM 

a 

PM 

a  ^ 

a 

PM 

a 

PH 

a 

^  a 

0 

in 

0 

in 

0 

in 

0 

in 

0 

in 

0 

in 

a 

in 

0 

in 

0 

in 

0 

m 

0 

in 

0 

in 

0 

in 

0 

in 

0 

in 

Q 

in 

0 

in 

0 

in 

D 

in 

0 

in 

D 

in 

0 

in 

0 

in 

0 

in 

0 

in 

0 

in 

0  m 

0 

in 

0 

in 

0 

in  0 

0 

a 

0 

a 

0 

a 

0 

a 

0 

a 

0 

a 

0 

a 

0 

a 

0 

a 

Q 

a 

0 

a 

0 

a 

0 

a 

0 

a 

c 

a 

0 

a 

0 

a 

0 

a 

0 

a 

D 

a 

0 

a 

0 

a 

0 

a 

0 

a 

Q 

a 

0 

a 

0  a 

0 

a 

0 

a 

0 

a  0 

n 

CM 

00 

00 

in 

Mr 

in 

0 

in 

in 

0) 

0 

Mf 

*- 

0) 

Q 

0 

n 

CM 

in 

in 

in 

CM 

r-- 

0) 

r- 

00 

c- 

0) 

in 

p* 

in 

p) 

0) 

0 

in 

CM 

4r 

0) 

0) 

r* 

in 

in  0) 

p) 

p) 

0) 

p* 

IP 

0) 

00 

CM 

0) 

p) 

in 

in 

to 

in 

en 

in 

c*> 

in 

CM 

in 

CM 

in 

p» 

fM 

0 

0 

a> 

0» 

0 

00 

p" 

CO 

in 

in 

in 

V 

00 

p) 

p« 

iN 

p) 

in 

0 

00 

00 

p) 

in 

in 

0)  CM 

CM 

V 

o> 

r- 

c- 

0) 

in 

^  n 

CM 

M» 

CM 

CM 

CM 

CM 

CM 

CM 

t*) 

p) 

p) 

CO 

^  • 

in 

in 

in 

in 

in 

.  10 

o» 

in 

0> 

in 

o> 

in 

Oi 

in 

0) 

in 

01 

in 

0) 

in 

m 

in 

0> 

in 

0t 

in 

0t 

If) 

0) 

in 

0) 

in 

0) 

in 

0) 

in 

0) 

in 

0) 

10 

o> 

in 

0) 

in 

0) 

0> 

4r 

0) 

<n 

0)  9 

0) 

0> 

CO 

0) 

CO 

0> 

p> 

0> 

C3  0» 

P) 

r> 

n 

w 

0 

« 

C3 

CO 

n 

n 

w 

« 

CO 

cn 

0 

cn 

CO 

p> 

p> 

p) 

p) 

CO 

CO 

CO 

P) 

p> 

CO 

CO 

CO 

CO 

CO 

H 

H 

It 

H 

II 

II 

It 

H 

II 

n 

M 

H 

II 

H 

H 

II 

II 

• 

u 

M 

n 

II 

H 

M 

H 

N 

tl 

M 

N 

II 

M 

H 

II 

H 

N 

II 

R 

H 

II 

M 

II 

II 

II 

It 

It 

H 

11  tl 

It 

H 

II 

II 

« 

II 

n 

ft 

11 

<1  II 

11 

0 

PM 

a 

D 

PM 

0 

0 

•H 

0 

0 

PH 

0 

•H 

0 

0 

0 

0 

t.4 

0 

PH 

D 

PH 

0 

PH 

0 

PM 

0 

PM 

0 

PM 

D 

0 

0 

PM 

0 

PM 

a 

PH  a 

ph 

0 

PM 

0 

PM 

0 

0 

PM 

Q  PM 

0 

in 

PM 

in 

PM 

in 

PM 

in 

in 

PM 

in 

in 

PM 

in 

PM 

in 

PM 

in 

PM 

m 

PM 

in 

PH 

in 

PM 

in 

PM 

in 

•H 

in 

PM 

in 

PM 

in 

PM 

in 

PM 

in 

PM 

in 

PM 

in 

PM 

in 

in  pp 

in 

PM 

in 

PM 

in 

PM 

in 

PM 

(/)  PH  cn  M 

a 

in 

a 

m 

a 

in 

a 

in 

a 

in 

a 

in 

a 

in 

a 

in 

a 

in 

a 

in 

a 

in 

a 

in 

a 

in 

a. 

in 

a 

in 

a 

in 

a 

in 

a 

in 

a 

in 

a 

in 

a 

in 

a 

in 

a 

in 

a  in 

n 

in 

a 

in 

a 

in 

a 

in 

a 

in  a 

in 

Z  a 

z 

a 

z 

a 

z 

a 

z 

a 

z  0. 

z 

a 

z 

a 

z 

a 

z 

a 

z 

a 

z  a 

z 

a 

z 

a 

z 

a 

z 

a 

z 

a 

z 

a 

z 

a 

z 

a 

z 

a 

z 

a 

z 

a 

Z  a 

z 

a 

z 

a 

z 

a 

z 

a  z  a  z  a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

r>o^^^ioio<ct^t^coa)0*^"^f^^tf>*Dr*-ooo^C3^tf)cDOcs^ 

^  .cn  *1^  •<©  *0  'O  •«*)  -cs  <0  *<p  -CO  ‘Cn  •«  -oi  •(*>  ‘in  •*9  >00  ‘in  -n  •  n  •«  -if)  *o>  •»  *0 

co»“r3^^^0^0^o>»*0^^^of^^’"r^'^0'^Dcv«nf>icNeownrMp(Ni^<NVMMp<Oncnr)eoP)qor)oonooc5oo^a>vO^*' 

eoc^a)rtfeocsoocieo(^ooMOOMoonoocioo<Naor4aor4oocioor«oocMCDcxco<No>MO>cNO)MaicM(ncNa)riOi(so>€MO)o«o)CMcncNO>c><OcNO 


P3 

N 

CO 

N 

CO 

II 

p) 

tl 

CO 

II 

CO 

II 

CO 

H 

CO 

u 

p) 

H 

CO 

II 

n 

II 

CO 

H 

CO 

II 

CO 

If 

CO 

It 

to 

It 

to 

II 

CO 

II 

to 

u 

to 

II 

CO 

H 

p) 

u 

CO 

N 

CO 

II 

to 

II 

to 

It 

n 

It 

CO 

It 

CO 

N 

u 

'  « 

PM 

N 

PH 

n 

It 

PM 

Ii 

PM 

N 

M 

PM 

If 

N 

PM 

tl 

Pm 

II 

PM 

n 

PM 

It 

PM 

H 

PM 

it 

PM 

II 

PM 

n 

PM 

II 

PM 

II 

Pm 

II 

PM 

II 

PM 

!• 

PM 

It 

PH 

II 

n 

II 

PM 

H 

M 

ii 

PH 

II 

II 

■ 

X 

X 

Z 

z 

z 

Z 

X 

Z 

X 

X 

I 

z 

Z 

I 

X 

X 

X 

z 

X 

z 

z 

Z 

X 

Z 

Z 

z 

z 

T 

T 

Z 

u.  a 

u  a 

u 

a 

u 

a  u.  a 

u.  a 

u.  a 

u. 

a  u  a 

u 

a 

u 

a  lu 

a 

u 

a 

U. 

a  w  a 

u  a 

u  a 

u 

a 

u 

a 

u. 

a  u 

a 

U. 

a 

u 

a 

u. 

a 

u  a 

u  a  u 

a 

u. 

a 

u 

a 

u  a 

u 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

CO 

p) 

n 

p) 

CO 

p) 

CO 

CO 

p) 

CO 

CO 

CO 

CO 

CO 

CO 

n 

CO 

n 

to 

n 

CO 

CO 

CO 

to 

CO 

CO 

CO 

CO 

to 

to 

CO 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

tM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

U 

U 

U 

U 

u 

U 

U 

U 

u 

U 

U 

U 

u 

U 

u 

Ii. 

u. 

U. 

U 

u. 

U 

u. 

U 

U. 

u. 

U 

U 

u 

U 

U 

U 

»r^eoo>0'^«n^w®r^«a>0’^wr)^in(Dr^cDa>0*^cNcnnin 

^^^^inininininmininintn(D(DV(P(O(O(D(O(D<0t^t^t^r^Nr*> 


358 


.9650  PNPSI  •  .9650  DDPHI  -  . 1794E»07 


r* 

(0 

f*- 

<T» 

Ci 

00 

<0 

0» 

0 

PI 

CO 

00 

00 

00 

0 

K  W  K 

o  o  o  o 


XIII 
a  a  a  o. 


Oui(*>uj<7»ujOiu 

VtOCDCNDCDOtP 

•  00  •  a>  •  o  •  n 

(O^NC<OD<NO)C4 
t*)  ‘CO  ■  D  •  D 


azazazaz 
a.  a  a  a. 


iQciaxaitt 

aOI0uCNa.C>iQ,CM 


^  iD  n 

to  ^  n  to 

.  O  •  r-  •  ^ 

^Oinwinvin^ 

c^Or^Oc^Oc^O 

■  ^  ti  II  II  n 

Mit»M||^ll»-4ll 

I  X  I  I 

CLii.a.u.Q.u.a.u. 


p“ 

to 

0 

CD 

0 

p- 

00 

O' 

O' 

00 

00 

to 

0 

10 

r- 

CO 

0 

0 

0) 

O' 

O' 

b 

6 

P4 

CO 

.t-OaKOan-O 


”  ^  o'”  o'"  o'*  8”  o'*  S'*  8  S'* 

II  II  II  N  •  H  II  •  II  H  <  II  II  HU  •  n  n  •  II  M  '  II  II  >11 

II  MIL  II  M(L  II  MIL  H  mil  n  mil  M  M4l  N  MU.  II  m: 
TttTtt  Ttt  Xtt  TC^  Xtt  Ta  TtJC  TfiC  T 


8^  8'  S'- 

•  HU  •  n  n  •  II  M 


00000 


I  X  X  X  I 

a  a  CL  a  a 


r^uj<ruinujO>uj(ouj 

00)ODtf>cocNoooOcn 

•  r-  00  ■  Ci  •  cn  •  <T> 


1  1  1  1 

1- 

►- 

1- 

►- 

P- 

K 

♦- 

1- 

»- 

p- 

K 

1- 

M 

U  H  N  II 

1 

X 

I 

X 

X 

I 

I 

X 

I 

X 

I 

X 

U  tl  11 

H 

11 

H  M  II  M 

CL 

0. 

a 

a 

a 

CL 

0. 

a 

CL 

Q. 

CL 

0. 

II  u 

II 

li  M 

K  H  h-  K 

1-  1-  p- 

P- 

P- 

OlMOMOMf^M 

0  M  0  M  0 

fml 

0 

^  0  M 

QZQXOZOZ 

OXOXDXOXOX 

mCLmCLm^m^ 

M  a  M  a  M 

a 

»«• 

a  M  a 

t/iQt/tot/iQtno 

to  0  to  0  (/)  0 

«/)  0  cn  0 

aoaoaocLO 

0 

CO 

p* 

to 

CM 

O' 

to 

CO 

CO 

p> 

aoaoo.ocLOao 

0 

CN 

V 

p* 

O' 

CN 

NT 

p* 

0 

CO 

U> 

0 

to 

(0 

6 

p' 

n 

CN 

O' 

to 

«. 

OD 

T 

O' 

O' 

O' 

00 

00 

00 

r- 

p- 

r- 

c- 

CO 

CD 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

in 

V^COlO’^OO'lf) 

1 

1 

1 

1 

I 

1 

1 

1 

1 

1 

1 

0  in  9  (c  00 

CO 

IP  0  CN 

00<O<OIO^VM^ 

CO  ^  CO  CO  CO 

CO 

CO  in  ^ 

•  IP  .  IP  .  IP  .  IP 

II 

II 

It 

H 

II 

II 

li 

11 

II 

II 

h 

II 

.  O'  •  0  • 

CN  •  CO 

MO'rco'r^O'c^O' 

CN  •-  CN  CN  CN 

CN 

CN 

CN  CN  CN 

»- 

»- 

p- 

h- 

»- 

p- 

►“ 

1- 

K 

p* 

K 

•  • 

CO  (0  CO  fO 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

•»  ^ 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

II  II  n  H  H  It  II  II 

»iN 

M 

M 

»••« 

II  II  N  H  II 

u 

II 

il  W  tl 

to 

(/J 

t/) 

t/i 

(/) 

tn 

t/i 

t/i 

(/) 

t/i 

t/i 

t/i 

QmOmQmOm 

CL 

a. 

CL 

CL 

a 

CL 

a. 

Q, 

0. 

0. 

a. 

a 

0  M  O  0 

0 

^  0  M 

M  M  VI  M  M  M  ' 

azazazazaz 
o.  a  a  a  a 


CD 

in 

CO 

0 

CD 

(0 

CO 

0 

O' 

c- 

O' 

IP 

CN 

0 

CO 

ID 

NT 

CN 

(T> 

CD 

O' 

^  to 

QO 

CO 

n 

CO 

CO 

CO 

CN 

CN 

CN 

CN 

••  O'  P* 

in  CN 

CN  ^  M 

in 

Q 

0 

0 

m 

NT 

NT 

Nf 

V 

NT 

CN  IP  ^  ID  ^  CO 

M  m  ^  CN 

g  (0  Q 

in 

Q 

•V 

0 

CN  n  CN  CO  CN  n 

CN  CO  CN 

o«»  0 

<0 

Q 

to 

0 

ID 

0  O'  0  0  0 

0  CN  0  CO 

.  at  • 

O' 

O' 

O' 

II 

a 

II 

II 

u 

II 

« 

tl 

H 

H 

II 

K 

•  ^  '  CN  •  CN 

.  CN  .  CN 

N  II 

II 

II 

M 

M 

M 

•M 

»M 

M 

M 

»>• 

M 

II  «•-  II  M  h  •• 

II  "»*  II  ^ 

IP 

IP 

tP 

t/i 

IP 

(P 

(P 

IP 

IP 

IP 

•  IP 

M 

OHO 

H 

0 

N 

0 

II 

a 

CL 

(L 

CL 

0. 

CL 

a 

CL 

a 

CL 

(L 

tP 

II  0  n  H 

M  u  II 

z 

z 

z 

z 

& 

z  z  z 

z  z 

a 

a 

a 

a 

a  0.  CL 

a  0. 

'e  m  ^ 

CN 

CO 

O' 

IP 

a 

O' 

IP 

ID  00 

ID 

0 

ID 

CO  ^  ID 

CN 

CN  CP  00 

0  ^ 

00  in 

0  CN 

to  CN 

ID 

0  CN 

0  CN 

in  ^ 

CN 

00 

00 

r- 

•  00  'IP 

•  CO 

■  0 

•  00 

.  (0 

•  n 

•  CN 

•  ^ 

•  0 

.  O' 

ID 

ID  CT'  p'  CN  CO 

10 

P* 

^  CO  ID  ^ 

CO  IP 

0>  ID 

ID 

in  r* 

CO  00 

CO  (P 

(0  0 

in 

in  ^  ^ 

CO 

00  CO 

in 

CO  CN  CO 

0  CO  CN  CO  ^ 

CN 

P« 

p*  •  ^  • 

CN  • 

O'  • 

r*  • 

in  • 

CO  • 

Oi  • 

in  • 

ID  0  00 

00 

CP  00 

0  CO  NT 

V  0  K  ID  -v 

CN 

'O’ 

CD 

^  ID  in  ID 

ID  ID 

ID  ID 

ID 

00  ID 

O'  ID 

0  ID 

0  P* 

^  r* 

CN 

in 

(0 

CO 

ID  ^  P* 

p* 

CO 

00 

w- 

ID 

CO 

V 

in 

ID  P- 

It  'It  -  It 

II 

It  II 

II 

II 

II 

M 

It 

H 

M 

II 

11 

II  •  II 

II 

H 

'  II 

p- 

P- 

II  II 

tl 

II 

II 

II 

II 

H 

11 

tl 

II 

Oi 

O' 

cn 

a>  Oi 

1-  M  t. 

K 

►- 

t- 

♦- 

t- 

K 

►- 

♦- 

f- 

li 

^  K 

►-  ^ 

P- 

^  0- 

0  H  0  II  0 

II 

0 

K 

0  IP  0  u. 

0  iP 

0  u. 

0  IP 

0  u. 

0  IP 

0  IP 

0  IP 

0  IP 

0  U. 

0  11  0 

II 

0  •' 

0 

II  0  N 

000 

0 

0  a  0  o:  . 

0  a 

Q  CX 

0  oc 

0  OC 

0  OC 

0  CL 

0  DC 

0  oc 

0  oc 

t- 

a  0 

0 

0 

Q 

MIlMILMIlMLLMIL 

XceloclBiaxa 

acvaciac4aoicLo« 


M  IL  «  ^ 

I  QC 

.  o.  n  iL  • 


W  II  M  II  M  It  M  II  M  M  I 

X  X  X  X  I 

&.U.XLU.(1IlCLU.CLU., 


OC 

OC 

DC 

OC 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

00 

M  ID 

oc 

OC 

OC 

OC 

oc 

CO 

n 

n 

CO 

K 

¥- 

♦- 

P- 

P 

P 

M 

P 

P 

P 

CN 

Z 

CO 

CO 

CO 

n 

CO 

CN 

CN 

CN 

CN 

a 

z 

CN 

CN 

CN 

CN 

CN 

O  i 

H  M 

C/)  1-0 

>  O  O) 

z  o 

D  O 

(J)  uj  . 

^  — 

IP  a 

O  H 

IP  o 

O  K 


359 


a 

> 


a 

> 


360 


TOT  =1586 


<0 

cn 

09 

0= 

CM 

0) 

9) 

40 

00 

9) 

r- 

40 

tf) 

tf) 

40 

f- 

CO 

09 

40 

h= 

9) 

o 

CM 

n 

tf) 

0“ 

9) 

o 

CM 

40 

00 

o 

CM 

40 

CD 

o 

CM 

V 

40 

<0 

40 

40 

40 

40 

r- 

r- 

r- 

r- 

0- 

00 

00 

00 

m 

00 

9) 

9) 

9) 

9) 

cn 

o 

o 

6 

6 

CD 

CO 

CD 

00 

00 

a 

00 

00 

CO 

w 

00 

CO 

00 

00 

CD 

00 

CD 

00 

00 

a 

CO 

o 

9> 

9> 

9) 

tf) 

U9 

tf) 

tf) 

tf) 

tf) 

tf) 

tf) 

tf) 

tf) 

tf) 

tf) 

tf) 

tf) 

tf) 

tf) 

tf) 

tf) 

tf) 

tf) 

in 

tf) 

tf) 

tf) 

tf) 

H 

II 

II 

u 

H 

II 

H 

It 

u 

II 

H 

M 

n 

u 

If 

it 

II 

M 

H 

u 

If 

n 

II 

» 

M 

W 

K 

h- 

)- 

»- 

K 

K 

1- 

1- 

)- 

1- 

>- 

H- 

1- 

►- 

K 

K 

H- 

♦- 

►- 

o 

o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

O 

o 

o 

O 

o 

O 

o 

►^0^0^^0*^0*-»0*^0>^0*-*0*^0^0*^0^0»^0^0^0^0*-*0'-^0*-^0*«^0*-'0»-'0»^0'^0*^0**^0 

CLiLia.ui0.ui(i.ui(iujQ.ui&iua.uja.iua.uja.ijja.iu<Lui&uiCLuja.uj(i.uJCLUja.uja.uj&iucLujCLujQ.ujc.ujc,uj 


9) 

9> 

D 

40 

<0 

n 

tf)  V 

0) 

o 

40 

m 

00 

CD 

00 

<0 

o 

O 

CO 

p«* 

CD 

9)  - 

n 

in 

IT- 

CM 

40 

9> 

o 

40 

CM 

0) 

o 

40 

CM  9) 

tf) 

00 

to 

00 

c- 

(0 

<0 

40 

tf) 

in 

9) 

D 

n 

CM 

CM 

CM 

O 

6 

9i 

0) 

0) 

c 

2 

CO 

9) 

o 

00 

CO 

« 

tf) 

in 

40 

00 

o 

n 

9^ 

r-* 

in 

in 

in 

< 

5 

C9 

CO 

9) 

9^ 

40 

Cm 

tf) 

40 

in 

CM 

CM 

9> 

4r- 

^  II  (N  II  (*)  H  CO  II  («)  ti  (*)  l>  n  II  CS  H  CS  ii  «-  II  O)  l<  ao  ii  iC  II  ^  il  C«  ti  o  B  QD  ii  If)  (•  CN  l»  (X>  I<  (D  U  (N  II  (T  H  m  II  •-  M  U)  II 

'^w<MMrw*-«rv»^(NMfM>-4CM>HCNMC>i»=«c>i^(>iMr<iMCOMCOi-^OMCO''«roi-4DMfo*>4r)*^ro*>4COMDi»«n»>«n*-^n»=4 

IXXIXXXXIIXXXIIIXIXIIXXXXX 

o.ao.aQ.Q.aaa.aa.aQ.o.aaaaaaaaQ.Q.aa 

i'OMOi>OuOnOiiOuO<tOiiO»OiiOi>0*iCiiOiOHOiiOi>DMOHOi>Oi<OuOiiOi'OiiO 

OOOOOOOOOOOOOOCOOOOCQOOOOO 


c/)  in  f/i  (/) 


tn  iTt  tA  iA 


a  cn  a 

—  a  o  a 

a  (*) 

a  40  a 

44-  Q. 

00  a 

40  a 

40  a  CO 

a 

m  a  o  a  o  a 

^  a 

^  a 

9)  a 

(0  a 

(0  a 

a 

CM  a 

9)  a 

00  a 

O  a  in  a 

n 

r- 

9> 

«- 

o 

9>  00 

r** 

40 

in 

in 

MT 

9) 

9) 

9> 

9) 

0) 

c 

9> 

o 

CM 

V 

in 

Q  CM 

tf) 

9» 

cn 

CD 

CM 

O  9) 

eo 

<0 

in 

f9 

CM 

o 

91 

CO 

40 

in 

tf) 

fO 

CM 

O 

6  9> 

00 

o 

O  9> 

9) 

9) 

9) 

9) 

9) 

9) 

91 

9) 

9) 

m 

CO 

CD 

00 

CD 

00 

CD 

00 

00 

00 

CD 

CO 

40 

n 

91 

a  ^  I 

tf)  II  <0  II  I 

I  D  W  tM  ( 

I  ^  t/>  ^  ' 

a  a 

z  z 

.  H  a  II  o. 


fv  C  I 

(*)  II  tf)  »  I 

*  in  M  If)  -•  i 

I  ^  C/>  ^  t/)  ’ 

&  a 

z  z 

u  a  II  a 


>  h“  i-i 

I  ^  t/>  V  i/) 

a  a 

z  z 

ii  a  II  a 


(0  eo 

If)  H  II 

I  r**  ^  h-  NN 

I  n  i/>  5r  c/> 

a  a 

z  z 

11  a  11  a 


O 

o 

o 

o 

o 

Q 

o 

o 

o 

c 

o 

D 

o 

D 

o 

o 

o 

o 

o 

o 

c 

o 

o 

o 

o 

o 

a 

a 

a 

•-« 

w 

M 

(/) 

in 

in 

4n 

in 

4/) 

in 

4/) 

1/) 

(/) 

in 

</> 

i/) 

in 

in 

i/) 

in 

in 

tn 

in 

m 

in 

in 

tn 

m 

a 

n 

a 

a 

o 

a 

a 

CD 

a 

40 

a 

a 

00 

a 

40 

a 

<0 

a 

00 

a 

n 

a 

c 

a 

O 

a 

a 

a 

13) 

a 

40 

a 

40 

a 

a 

CM 

a 

0) 

a 

00 

a 

Q 

a 

tf) 

a 

n 

o 

0) 

€0 

h- 

40 

tf) 

tf) 

9> 

9» 

9) 

9> 

9) 

0) 

0) 

o 

CM 

in 

CM 

in 

CM 

o 

O) 

00 

h* 

40 

tf) 

Mf 

CO 

CM 

C> 

9) 

00 

40 

in 

in 

n 

CO 

CM 

o 

C ) 

9» 

00 

9) 

CM 

Mr 

o 

o 

0) 

9) 

0) 

9) 

0) 

0) 

9» 

9> 

9> 

9) 

00 

CD 

CD 

CO 

00 

00 

CD 

CD 

00 

00 

00 

00 

f- 

r- 

r- 

o 

CM 

Mf 

0) 

Mf 

9) 

n 

CO 

CM 

40 

o 

r* 

o 

r> 

40 

9) 

40 

m 

o 

CM 

tf) 

0) 

o 

tf) 

40 

40 

40 

40 

tf) 

40 

cn 

D 

CM 

o 

o> 

CD 

03 

(0 

in 

tn 

tr 

n 

CM 

o 

c'5 

n 

II 

H 

ti 

II 

II 

N 

II 

II 

II 

II 

i> 

M 

O 

II 

Q 

U 

Q 

1 

Q 

H 

(  ■) 

II 

It 

M 

M 

o 

II 

O 

M 

Q 

II 

(  ) 

II 

( •) 

H 

n 

CO 

fO 

o 

z 

o 

z 

o 

z 

o 

z 

o 

z 

o 

z 

o 

z 

o 

z 

o 

z 

o 

z 

o 

z 

o 

z 

o 

z 

o 

z 

o 

z 

5 

z 

5 

z 

* 

z 

6 

z 

6 

z 

5 

z 

o 

z 

o 

z 

o 

z 

9 

z 

* 

z 

II 

II 

H 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

1 

a 

II 

II 

N 

H 

II 

fl 

II 

II 

II 

II 

II 

II 

II 

n 

V 

II 

II 

H 

II 

II 

II 

II 

II 

11 

u 

II 

<-« 

m 

m 

tn 

o 

o 

C5 

o 

o 

o 

o 

o 

o 

c 

o 

o 

O 

O 

o 

o 

C5 

o 

o 

c? 

o 

o 

o 

o 

o 

a 

a 

a 

eo 

40 

00 

o 

CM 

CO 

tf) 

CM 

o 

40 

00 

40 

r- 

91 

r* 

CM 

9) 

eo  CM 

CM  O  CM  tf)  CM 

n 

CM  ^ 

«- 

9) 

40  r- 

03  tn 

CO  (3)  O  00 

40 

CM 

CM  00  eo 

40 

tf) 

40  tf) 

CO 

CM 

03 

eo 

9» 

O  in 

00 

fO 

CM 

CM 

IN 

CM  r- 

CM 

CM 

CM 

CM 

CM 

CM 

00 

CM 

eo 

CM  9) 

CO  tf) 

n 

CO  00 

eo 

<0 

in 

CO 

CM 

o 

CD 

h- 

40 

<0 

CM 

o 

II 

11 

II  • 

II 

II 

II 

II 

1. 

Ii 

II 

K 

II 

fO 

fO 

n 

CO 

{*) 

CO 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

^  ^  ^ 

^  CO  CO 


tf) 

•- 

CO 

(0  ^ 

CM 

in 

CO 

40  40 

to 

00  9> 

in 

•  CM 

•  tn 

9)  9> 

CM  ^ 

in 

r**  9)  9) 

9)  40 

tf)  tf) 

»« 

in  — 

40  00 

40 

00 

40  CM  to  ^ 

40  • 

40 

fO  Q 

CO  a> 

CO 

9) 

CO  O  CO 

CO  9) 

^  9j 

O  91  CO  U>  Lf)  ^ 

•  II  •  II  <11  >11  'II 


1-  -  -  o 


♦- 

K  ^ 

»- 

K 

r- 

♦- 

♦- 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

•• 

a 

a 

a 

a 

a 

a 

a 

o 

II  O  n 

o 

H  O 

II 

C  w 

o 

II 

o 

II 

o 

M 

O 

11 

O 

II 

o 

II 

O 

II 

O 

H 

O 

n 

o 

II 

O 

N 

o 

II 

O 

II 

O 

M 

O 

11 

O 

It 

O 

11 

O 

II 

O 

II 

O 

II 

O 

II 

D 

O 

o 

o 

O 

o 

o 

o 

o 

o 

O 

O 

Q 

o 

o 

o 

o 

O 

O 

o 

o 

O 

o 

Q 

o 

o 

a  1-4  a 

a  *-i 

oc 

^  a 

a 

a 

a 

M 

a 

a 

a 

a 

»<  a 

a 

a 

M 

a 

►-« 

a 

a 

a 

a 

a 

»-t 

a 

a 

a 

a 

a 

z  a  z  a 

X 

axaxaxax 

a 

xaxazaxax 

axaxaxaxax 

a  X  a  X 

a  X  a  X  a  X 

a  X  a  X 

a  z  a  X  a 

a 

CM  a  CM  a 

CM  a 

CM 

a  CM 

a 

CM  a  CM 

a 

CM 

a 

CM 

a 

CM 

a 

CM 

a 

CM 

a 

CM  a 

CM 

a 

CM 

a 

CM 

a 

CM 

a 

CM 

a 

CM 

a 

CM 

a 

CM  a 

CM 

a 

CM 

a 

CM 

a 

CM  a 

CM 

iL.  a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

h- 

0) 

CM 

40 

O 

in 

o 

(0 

CM 

er 

40 

CO 

Q 

00 

a 

40 

tf) 

40 

a 

a 

00 

9» 

o 

9) 

O 

CM 

(0 

in 

40 

00 

9) 

CM 

<0 

CO 

o 

CO 

tn 

a 

9> 

to 

in 

a 

0) 

CM 

O  ■  CM 

eo  • 

r* 

■  9) 

40 

to 

tf) 

CM 

00 

CO 

CO 

€0 

• 

CM 

CM 

o 

a 

o 

40 

CM 

9) 

a 

C^  0)  O  <0  O  CO  o 

O  0>  O  00  O  C' 

O  t- 

00 

40 

0) 

CM 

CM 

40  CM  O  CM  tf)  CM 

CM 

CM 

9) 

CM 

a 

CO 

tf) 

n 

in 

eo 

40 

CO 

a 

n  o  ^ 

CO 

00 

<0  CM  MT  00  ^ 

^  n  O  V  in 

CO 

9) 

tn 

CM 

CD 

^  in 

eo 

a 

MT 

<•- 

00 

in 

CM 

O  ^ 

a 

Mf 

40  ^  in 

in 

in 

(0 

eo 

CM 

CM 

o 

o 

o 

9) 

9) 

9) 

eo 

00 

00 

a 

a 

a 

a 

40 

40 

o  a  o 

o  a  o 

I  *-•  « 

X  -  X 

a  K  o  a  I 


40 

9) 

0) 

CO 

o 

Mr 

00 

o 

O 

(0 

CM 

CM 

9» 

d 

o 

O 

CM 

CM 

CO 

CM 

CM 

Q 

CM 

H  CO  H  P7  II  W  II  C9  «  n  H  CO  «  «  fO  «  09  M  P5  M  fO  II  fO  II  D  M  ro  M  CV  «  Ci  II  CM  H  CN  II  CN  II  CN  u  W  M  CW  II  CN  II  CM  II  C<  II  CV 

M  II  M  II  »-«  il  M  tl  IM  II  M  H  1-4  H  M  II  M  II  IH  H  ^  II  <-l  II  1-4  II  M  II  •-•  II  •-«  M  II  l-H  II  Nt  M  M  II  Ot  II  M  II  :*•«  il  1-4  II  »M  It  hH  II 

IXIXIIXIXIIIIIXIXIIXXXIXII 

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa 

aaaaaaaaaaaaaaaaaaaaaaaaaa 

(OCOfOrOCODCOrOCOfOCOCOCODOCODCOWCODOCOfOCOD 

CMOiCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCNCMCMCNCMCMCMCMCM 

au.aaaaaaa^aaaaau.aaaaaii.u.u.ai^ 


a  « 

X  a  I 
a  09  u.  a 

1  CM 


CM 

<0 

MT 

tf) 

40 

a 

00 

CD 

o 

CM 

CO 

Mr 

tf) 

40 

a 

00 

9) 

o 

CM 

CO 

tn 

40 

a 

z 

a 

00 

0) 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CO 

CO 

CO 

(0 

CO 

CO 

n 

CO 

CO 

CO 

MT 

o 

< 

MT 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

a 

a 

0) 

a 

9) 

9i 

0) 

9) 

9) 

9) 

9> 

9) 

a 

9) 

9> 

cn 

9) 

9) 

9) 

CD 

9> 

9) 

9) 

9) 

9) 

9> 

a 

9) 

9> 

0) 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

O 

o 

o 

o 

O 

z 

o 

o 

o 

n 

N 

II 

II 

M 

N 

II 

- 

II 

II 

N 

M 

II 

N 

II 

H 

It 

H 

fl 

fl 

n 

II 

II 

H 

N 

M 

a 

a 

a 

H 

n 

M 

361 


h- 

CO 

in 

Oi 

CD 

00 

00 

00 

00 

00 

OD 

00 

00 

00 

00 

00 

00 

00 

«0j 

o 

a> 

OV 

00 

09 

f- 

1*^ 

r- 

1^ 

r*- 

t** 

r- 

f-' 

r» 

CN 

«. 

«. 

«> 

«. 

«. 

IP 

0) 

9 

OI 

o> 

01 

m 

0> 

0» 

Oi 

Oi 

0) 

0> 

c* 

ot 

o 

o> 

0> 

0> 

0) 

0> 

0> 

(0 

tn 

in 

tn 

tn 

in 

in 

tn 

in 

in 

in 

in 

tn 

in 

in 

tn 

tn 

tn 

tn 

tn 

in 

in 

It 

II 

II 

II 

II 

H 

II 

II 

u 

n 

H 

11 

u 

II 

H 

N 

« 

II 

H 

u 

II 

M 

1- 

w 

p- 

►- 

I- 

I- 

t- 

p- 

►- 

K 

1- 

h- 

p- 

P- 

l~ 

p- 

p- 

P- 

p- 

p- 

p- 

o 

o 

O 

o 

o 

o 

o 

o 

O 

O 

o 

o 

O 

o 

o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

O 

o 

o 

o 

M 

o 

o 

w 

o 

M 

o 

o 

o 

o 

o 

M 

o 

o 

o 

o 

o 

o 

M 

c 

I 

+ 

I 

■P 

I 

4 

I 

-p 

I 

+ 

X 

+ 

I 

4 

I 

■p 

I 

+ 

I 

+ 

X 

4 

I 

4 

I 

4 

I 

4 

I 

4 

I 

4 

I 

4 

I 

4 

I 

4 

I 

4 

X 

4 

I 

4 

ID 

a 

ut  0. 

UJ 

a 

UP  CL 

UP  CL 

UP 

a 

UP  CL 

UP 

a 

UP  a 

UP  a 

UP  a 

UP 

a 

UP 

a 

UP 

a 

UP 

a 

UP  a 

UP  a 

UP 

a 

UP 

a 

UP  a 

UP 

a 

UP 

a 

UP 

n 

in 

00 

01 

o 

cn 

00 

00 

p^ 

P^ 

P- 

o 

O 

o» 

00 

P- 

IP 

CO 

CM 

O 

9 

o 

o 

n 

00 

CO 

0) 

in 

in 

n 

CO 

n 

n 

CO 

CO 

CM 

CM 

c 

in 

tn 

tn 

MT 

V 

Mr 

V 

n 

V 

Mr 

tn 

in 

ID 

tn 

in 

ID 

ID 

ID 

tn 

ID 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CO 

Cl 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

0) 

o 

01 

01 

tn 

in 

in 

tn 

n 

01 

1^ 

CO 

m 

CO 

CO 

n 

CO 

o 

00 

00 

tn 

00 

00 

tn 

CM 

go 

CO 

O) 

01 

o 

CO 

n 

m 

O 

CM 

CO 

in 

p- 

o 

CO 

in 

tn 

tl 

in 

II 

in 

u 

r- 

H 

01 

P 

o 

II 

II 

P-* 

It 

II 

CM 

IJ 

II 

II 

1 

11 

, 

II 

, 

II 

, 

II 

, 

tl 

, 

II 

II 

«> 

11 

II 

.N 

H 

p- 

p- 

K 

p- 

09 

in 

CM 

0) 

in 

4- 

1 

1 

1 

• 

o 

o 

o 

o 

»>4 

p- 

p- 

p- 

p- 

X 

T 

I 

I 

X 

T 

T 

T 

T 

J 

X 

X 

X 

X 

I 

X 

I 

I 

I 

X 

I 

X 

M 

a 

O. 

CL 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

I 

I 

I 

X 

II 

o 

II 

Q 

n 

o 

tl 

o 

It 

o 

II 

o 

ii 

o 

tl 

n 

It 

Q 

It 

a 

p 

o 

II 

o 

II 

o 

II 

Ci 

n 

o 

II 

o 

N 

o 

it 

o 

II 

o 

H 

o 

H 

c 

II 

o 

a 

o. 

a 

a. 

P- 

o 

p- 

Q 

P- 

a 

p> 

o 

p- 

o 

p-> 

o 

P- 

o 

p- 

o 

p- 

a 

p- 

a 

K 

o 

H- 

o 

K 

a 

K 

o 

H- 

o 

p- 

o 

1- 

o 

p- 

o 

t- 

o 

P- 

o 

t- 

o 

1- 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

Q 

o 

o 

o 

o 

o 

D 

o 

o 

D 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

1-4 

M 

M 

•*4 

in 

in 

in 

in 

in 

in 

in 

in 

in 

tn 

in 

tn 

in 

in 

in 

in 

tn 

in 

in 

in 

in 

in 

tn 

01 

Mr 

o 

&  tn  a 

a 

CM  CL  o  CL  o  a 

ana 

a 

01  a  00  a 

r^ 

a 

p- 

a 

01  a  00 

a 

00 

a 

p- 

a 

m  a 

<0 

a  o  a 

00 

a 

m  a 

CM 

in 

<N 

CJ 

«F» 

Oi 

p- 

m 

CO 

♦“ 

o 

o 

o 

o 

in 

in 

in 

in 

tn 

in 

in 

tn 

00 

00 

r- 

r^ 

r*- 

r-* 

r- 

p«* 

p- 

p- 

p* 

p- 

p- 

p- 

p- 

p- 

p^ 

p* 

r- 

(0 

CM 

0i 

in 

in 

in 

in 

in 

in 

in 

in 

ID 

CD 

to 

ID 

in 

in 

in 

in 

tn 

tn 

in 

tn 

tn 

tn 

00 

00 

CM 

D 

n 

tn 

00 

4“ 

CO 

CM 

r^ 

CM 

in 

in 

tn 

p- 

p- 

p- 

r«- 

p- 

p- 

p«« 

p- 

p^ 

tn 

n 

in 

II 

H 

r- 

n 

09 

M 

00 

II 

00 

u 

00 

II 

OD 

H 

00 

11 

00 

II 

00 

II 

00 

H 

00 

II 

00 

II 

00 

II 

no 

tl 

CD 

00 

H 

00 

II 

00 

II 

00 

N 

in 

M 

in 

M 

in 

in 

in 

to 

M 

in 

tn 

in 

M 

tn 

to 

ID  ^ 

ID 

W 

in 

in 

tn 

ID 

ID  H4 

ID 

M 

ID 

M 

ID 

1-4 

10 

P- 

p- 

p- 

p- 

in 

in 

in 

in 

tn 

tn 

tn 

in 

in 

in 

tn 

in 

in 

tn 

in 

tn 

4» 

in 

in 

in 

tn 

tn 

in 

o 

o 

o 

o 

CO 

0. 

CO  CL 

CO 

CL 

CO  a. 

CO 

CL 

CO  CL  CO 

a 

n 

a 

n 

a 

CO  a 

n 

a 

CO 

a 

n 

a 

CO 

a 

CO 

a 

PO 

a 

C3 

a 

CO 

a 

CO 

a 

CO  a 

<0 

a 

CO  a 

o 

o 

o 

a 

z 

z 

z 

Z 

Z 

Z 

z 

z 

z 

Z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

Z 

z 

Z 

M 

11 

a 

II 

a 

N 

CL 

II 

o. 

K 

n. 

tt 

a 

II 

a 

II 

a 

11 

a 

a 

II 

a 

ft 

a 

p 

a 

n 

a 

N 

a 

M 

a 

y 

a 

II 

a 

M 

a 

II 

a 

N 

a 

II 

a 

in 

in 

in 

in 

a 

a 

0. 

£L 

a 

O 

o 

o 

a 

a 

o 

o 

o 

o 

o 

o 

o 

O 

D 

o 

D 

O 

a 

a 

o 

o 

fM 

•-4 

»■« 

•-« 

»>N 

M 

»>4 

m 

in 

in 

i/i 

tn 

tn 

tn 

m 

in 

tn 

in 

in 

in 

tn 

tn 

tn 

m 

in 

tn 

in 

in 

in 

0. 

in 

a 

Mr 

a 

CM 

a 

o 

CL 

o 

CL 

a 

n 

a 

a 

CD 

a 

CD 

a 

p» 

a 

p- 

a 

01 

a 

00 

a 

00 

a 

p- 

a 

tn 

a 

CO 

a 

o 

a 

<s 

a 

ID 

a 

n 

01 

p* 

tn 

CO 

4- 

o 

o 

o 

o 

in 

in 

in 

in 

tn 

in 

tn 

n 

1 « 

0) 

tn 

09 

09 

r** 

PN 

r*^ 

P«- 

p^ 

P- 

r^ 

p- 

p“ 

p4 

p* 

p4 

p' 

p- 

<0 

01 

o 

in 

tn 

in 

in 

tn 

tn 

in 

in 

to 

in 

in 

ID 

in 

in 

in 

in 

tn 

in 

in 

in 

tn 

in 

tn 

ID 

10 

01 

in 

01 

CM 

n 

in 

in 

in 

in 

in 

to 

IP 

ID 

ID 

m 

ID 

ID 

ID 

ID 

(D 

ID 

ID 

i 

1 

10 

n 

tfl 

in 

tn 

tn 

tn 

tn 

in 

in 

in 

tn 

tn 

in 

in 

in 

in 

tn 

if) 

in 

in 

■ 

■ 

P 

tn 

tn 

tn 

« 

II 

II 

It 

M 

II 

il 

n 

u 

tl 

II 

y 

II 

H 

N 

n 

H 

M 

■ 

W' 

« 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

u 

H 

II 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

Z 

z 

z 

z 

♦ 

z 

II 

1 

a 

1 

CL 

1 

a 

1 

a 

1 

a 

1 

a 

1 

a 

I 

a 

1 

a 

t 

a 

1 

a 

1 

a 

1 

a 

I 

a 

• 

a 

1 

a 

1 

a 

« 

a 

1 

a 

1 

a 

1 

a 

1 

a 

•-« 

M 

tl 

II 

li 

II 

It 

II 

li 

II 

tl 

II 

U 

II 

M 

II 

11 

M 

II 

R 

K 

(1 

N 

R 

in 

in 

in 

M 

a 

a 

a 

in 

o 

a 

c 

<3 

o 

o 

c 

o 

o 

a 

o 

o 

o 

C3 

o 

13 

13 

13 

13 

c 

15 

O 

o. 


CD 

f*. 


I 

» 

O 


ID 

tn 

00 

CO 

a 

CM 

4-' 

CM 

9> 

o 

a 

tn 

a 

o 

in 

CM 

in 

9> 

4^ 

01 

CO 

in  cn 

00  ^ 

Cl 

CM 

tn 

V 

in 

o 

in 

tn 

tn 

9> 

O 

4- 

4- 

CM 

CO 

V 

in 

00 

4- 

CO 

a 

CM 

•  in 

■  o 

•  a 

o 

ID  ^ 

in  CO 

CM 

o  o  ^ 

9)  00 

CM 

CO 

00  00  o  Mr  in 

9> 

91 

ID 

CM 

CO 

tn 

4“ 

00 

tn 

CO 

a 

O 

CD 

ID 

a 

CO 

4-' 

91 

4- 

CM 

CM 

o  • 

tn  • 

01  • 

ID 

CO  CO  O 

■4- 

00 

CM  tn  9>  CO  9> 

CM 

01 

00 

tn 

in 

o 

01 

91 

a 

in 

91 

in 

CM 

in  0) 

in  91 

IP  91 

d 

in 

a 

CO 

9» 

t  ID 

CO 

CO 

CO 

to 

o 

91 

01 

CD 

91 

(D 

91 

00 

CD 

OC 

in 

1 

o 

o 

<T> 

91 

91 

9) 

9) 

91 

9) 

CD 

a 

in 

ID 

in 

in 

tn 

in 

in 

in 

in 

It 

tl 

tl 

II 

II 

II 

II 

II 

y 

tl 

II 

II 

H 

R 

H 

II 

II 

II 

H 

II 

H 

If 

It 

n 

1 

CM 

CM 

CM 

CM 

4- 

CD 

CD 

CD 

CD 

91 

CD 

91 

91 

CD 

91 

p- 

a 

11 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

o  a 

O  tt 

o  a 

o 

II 

O 

o 

II 

o 

M 

o 

il 

O  « 

O 

O 

II 

o 

II 

o 

li 

o 

II 

o 

It 

O 

II 

o 

II 

O 

II 

O 

It 

o 

II 

D 

It 

o 

H 

O 

H 

O 

R 

o 

M 

C 

o  a 

o  a 

o  a 

a 

o 

a 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

o 

O 

o 

Q 

O 

o 

c 

CM  ID 

•44  CM 

tn  )-4  CM  tn 

O 

a 

N4 

a 

M 

a 

M 

a 

a 

M  a 

a 

1-4 

a 

a 

a 

a 

M 

a 

»>4 

a 

a 

pm 

a 

pm 

a 

pm 

a 

M 

a 

M 

a 

»*4 

a 

pm 

a 

pm 

a 

p* 

I 

I  ^ 

4-  I  4- 

o 

xaxaxaxaxaxaxaxazaxaxaxaxaxaxax 

a  X  a  X  a  X 

axaxaxax 

at-oa*-oai“0 

*-4 

a 

CM 

a 

CM 

a 

CM 

a 

CM 

a 

CM  a  CM 

a 

CM 

a 

CM 

a 

CM 

a 

CM 

a 

CM 

a 

CM 

a 

CM 

a 

CM 

a 

CM 

a 

CM 

a 

CM 

a 

CM 

a 

CM 

a 

CM 

a 

CM 

a 

CM  o 

X 

4- 

4- 

4- 

4- 

4— 

4» 

R 

H 

II 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

CM  tn  13 

CM  ^ 

13  tn  <  o 

in 

in 

cr 

Q 

a 

in 

in 

tn 

ID 

tn 

tn 

in 

ID 

ID 

in 

in 

in 

in 

in 

in 

in 

u 

in  r*' 

CO  ID 

CM  in 

CM 

o 

o 

o 

9> 

01 

cn 

CD 

91 

CD 

91 

CD 

91 

91 

9> 

9> 

01 

91 

01 

91 

91 

0 

.  4— 

•  ^ 

.  ^ 

09 

O 

in 

O 

•  <n 

a 

O 

in 

CO 

CM 

CM 

o 

91 

tn 

CM 

tn 

00 

tn 

CM 

o  • 

o  ■ 

MJ 

■4- 

CO 

4- 

CM 

CO 

oinooocy>09iOflooooOooo^OMr 

OcoocoOcoOcmO 

o 

O  O  O  9>  C 

—  CM 

^  CM 

O  ^  CM 

CM 

ID 

in 

4“ 

CO 

CM 

^  4» 

O 

O 

4— 

o 

o 

4- 

o 

00 

00 

00 

00 

00 

00 

00 

00 

4- 

00 

a 

4 

CM 

8 

CM 

O  CM 

8 

CM 

09  CM  00 

CM  00  CM  «0 

CM  00 

CM  00  CM 

00 

CM 

00 

CM 

00 

CM 

00  CM  00 

CM  00 

CM 

CO 

CM 

CO 

CM 

CO 

CM 

CO  CM 

CO 

CM 

CO 

CM 

n 

CM 

n 

CM 

CO 

CM 

CO 

c 

M  N 

fl  R 

•  R  R 

«. 

R 

CO 

R 

CO 

H 

CO 

II 

(0 

fl 

CO 

PI  CO 

It 

CO 

II 

CO 

II 

CO 

II 

CO 

CO 

It 

w 

CM 

II 

CM 

il 

CM 

tl 

CM 

R 

CM 

M 

CM 

R 

CM 

y 

CM 

R 

CM 

N 

CM 

1 

a 

CM  in 

a 

R 

M  a 

H  1-4  a 

It 

tn 

4- 

II 

II 

« 

—4 

II 

II 

•-4  « 

R 

M 

II 

II 

II 

M 

II 

h4 

M 

*-« 

n 

pm 

II 

il 

pm 

H 

pm 

H 

»-4 

II 

»-4 

R 

p 

X  a 

I  a 

X  a 

CO 

tl  91 

I 

X 

I 

X 

X 

X 

X 

I 

X 

X 

I 

I 

X 

X 

I 

I 

X 

X 

X 

X 

I 

I 

3 

a  CO  a 

a  CO  a  a  CO  u 

a 

a 

a 

a 

a 

a 

a 

a  a 

a  a  a 

a 

a  a  a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a  a 

a 

a  a 

a 

a 

a  a 

a 

a 

a 

a 

c 

CM 

CM 

CM 

d 

M  00 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

P- 

a 

a 

a 

I  ■>- 

CO 

CO 

CO 

CO 

CO 

CO 

fO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

n 

1 

a 

z 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

o 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

U 

a 

a 

o 

CM 

in 

m 

a  CM 

CO 

tn 

in 

a 

00 

00 

00 

9) 

91 

at 

91 

CD 

Oi 

91 

91 

9> 

01 

91 

9) 

CD 

in 

tn 

in 

> 

> 

o  tn 

in 

in 

tn 

IT 

tn 

tn 

in 

tn 

tn 

tn 

tn 

tn 

in 

in 

tn 

in 

tn 

tn 

in 

in 

tn 

CM 

CM 

CM 

Z  CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

9* 

01 

91 

on 

cn 

Oi 

91 

91 

Oi 

91 

CD 

91 

01 

91 

01 

91 

91 

91 

91 

91 

91 

CD 

01 

91 

91 

o 

o 

o 

o  o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

CM 

a 

ID 

UJ  . 

• 

a 

o 

U 

■ 

CM 

4 

Oi 

a 

i 

■ 

y 

« 

■ 

a 

3  H 

II 

n 

li 

R 

fl 

M 

II 

H 

H 

II 

R 

H 

II 

R 

II 

R 

R 

R 

N 

R 

1 

■ 

p 

91 

z 

00 

O 

■ 

r 

p- 

a 

a 

r 

H4 

O  a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

( 

a 

> 


H 

a 

> 


362 


01S6  PSID  =  316.87  PSIOQT  •  -2.65  PHITOT  -1591. 


F23RR  =  2.3753  F12RR  »  9.6686  PN  »  .5727  PNPSI  =  .5727  DDPHI  =  .3596E+06 


363 


I  TOT  -1592 


F23RR  =  2.6334  F12RR  =10.6578  PN  »  .6422  PNPSI  =  .6422  DDPHI  =  .5884E'^06 


CM 

Oi 

00 

$ 

ID 

in 

ID 

00 

V- 

CO 

ID 

♦- 

r- 

•O' 

CM 

00 

00 

0» 

o 

<•- 

CM 

CO 

m 

ID 

r- 

OI 

o 

CO 

V 

ID 

OI 

CM 

CM 

CM 

CM 

CO 

CO 

CO 

CO 

n 

CO 

CO 

CO 

CO 

< 

MT 

V 

Mf 

in 

01 

0> 

OI 

0) 

0) 

OI 

OI 

OI 

OI 

OI 

o 

OI 

OI 

(Tl 

OI 

OI 

OI 

OI 

OI 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

10 

in 

in 

in 

in 

in 

in 

in 

n 

M 

It 

ii 

II 

tl 

n 

It 

II 

» 

II 

It 

II 

y 

u 

II 

H 

II 

N 

u 

II 

L- 

h- 

K 

H- 

K 

V- 

i- 

H- 

K 

»- 

K 

1- 

1- 

K 

K 

o 

o 

o 

o 

O 

o 

O 

o 

O 

o 

o 

O 

o 

O 

O 

o 

o 

o 

o 

o 

o 

I+I  +  I^I  +  I  +  I  +  I  +  I-f-I  +  I+  I  +  I  +  I+  I  +  T^"  '^  +  I‘4'I  +  I 

CLUJfiLUi(LUiCLUI&UlQ.UJOLUiOiUJCliUJCLUJCL.UJCl.UJ&.UiCLUlC.  uJCLUJtX.UJ&. 


CO 

r- 

MT 

in 

CM 

ID 

ID 

ID 

MT 

o 

in 

CM 

OI 

iO 

CM 

o 

CO 

00 

CM 

CM 

in 

o 

ID 

00 

Q 

o 

ID 

CO 

o 

CO 

in 

00 

o 

O’ 

in 

O 

o 

o 

— 

CM 

CM 

CO 

o 

ID 

ID 

ID 

ID 

r-* 

00 

00 

00 

<n 

OI 

CM  CO  o  cn 

00  in  n  Mf 


CM  ^  in  tf>  00  o 

00  (0  <n  o  CM  00 


00  II  ^  II  O  M  r=  h  CO  II  o  ii  II  'cr  li  ^  II  <7>  i>  to  i<  ^  H  CM  II  o  »  0^  u  11  m  M  in  M  Mr 
<OMfinin<nf^r-ooo><rc*^cvfoco^inipr^ 

»xix»iii'iii>i‘X'iii'i»iiiii'iir'i>i' 
o.a.aQ.o.aaaaQ.aacLQ.n.Q.aa 
it  O  u  O  II  O  w  Q  11  O  11  O  II  O  11  O  II  O  u  O  II  O  II  O  N  O  u  O  II  O  11  O  II  O  11  O  II 

oooooooooooooooooo 


-  -  o 

■f 

O  in  ui 

MT  O 

.  tt, 

II  ^  n  Mr 

00  ff> 

^  CM  •-*  CM  • 

I  I  I  ■ 

a  a 

O  H  o  II 

O  O  M 


in 

in 

in 

in 

in 

m 

in 

in 

in 

in 

in  in 

in 

in 

in 

in 

in 

in 

cn 

cn  o 

€0  a 

ID  O.  CO  CL 

& 

CO  a 

(D  a 

D.  00  a  ID  a 

ID  a 

10  CL  D. 

00  & 

CJi  CL  Oi  ^  0>  & 

r- 

a 

CO 

a 

(D  D. 

ID 

D.  O 

o 

00 

10 

in 

o 

o 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

n 

CM 

in 

in 

ID 

00 

OI 

o 

CM 

CO 

o 

in 

ID 

r- 

00 

OI 

o 

CM 

CO 

(D 

(D 

ID 

ID 

ID 

ID 

r- 

r** 

r- 

00 

00 

00 

00 

00 

o 

CM 

CM 

CM 

CM 

o 

00 

(D  Mr 

CO 

OI 

O’ 

00 

CM 

ID  O 

II  ID 

II 

ID 

H  in 

II 

O 

H 

CO 

II  CM 

II 

II 

O  u 

OI 

II 

II 

ID  II  in 

M 

H 

CM 

It  ^ 

H 

OI 

H 

00 

1) 

ID 

n 

in 

It 

CO  (D 
•  CO 

I  M  in  m 

'  in  ^  in  ^ 
t  (L  CO  0.  CO 
2  2 
O.  II  a  II 


M  in  M  m  I 
in  ^  in  I 

&  CO  fi.  (*)  I 
2  2 
0>  II  CL  l<  I 


I  CO  CO  00 
!«.(/>•>  . 
CO  a  CO 
2 

M  CL  U  U 


o 

o 

Q 

O 

O 

O 

o 

O 

a 

c 

o 

o 

o 

o 

C 

o 

D 

o 

o 

o 

o 

*-« 

Pk« 

M 

in 

in 

m 

in 

in 

in 

m 

in 

in 

m 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

D. 

a 

a 

a 

& 

CL 

a 

a 

a 

a 

Ol 

a 

a 

a 

(L 

Q. 

a 

& 

0. 

a 

CL 

a 

z 

CO 

ID 

<0 

CO 

<0 

00  (0 

(D 

ID 

00 

OI 

OI 

OI 

r* 

(0 

ID 

(D 

CL 

o 

00 

(D 

in 

Mr 

CO  CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CM 

in 

in 

ID 

r** 

00 

OI 

o 

^  CN 

n 

Mr 

in 

ID 

00 

0> 

o 

•• 

CM 

CO 

ID 

ID 

ID 

ID 

ID 

ID 

!>• 

fH 

h* 

f** 

r- 

h* 

00 

00 

00 

00 

'  li  ^  II  ^ 

:2®r° 

a  •  a  • 

tl  u 


O  ® 

^  o 

«  ^  M  ^ 

o  o 

2  •  2  • ; 
CL  I  CL  I  I 

«  I 


CO 

V  5  D 

8:8S 
•  2  -00 
t  a  •  • 

fl  u 


—  CO  O)  •-  O 

00  o  MT  CM  CM 


ini^cMCMCDCOinKCNncTiOf^iP'^onoi^coi 

cMcncoinco^^inincMin^ipcMc-f^oocooicoi 


CO 

OI 

Mr 

o 

4«. 

O 

00 

OI 

o> 

CM 

o 

o 

ID 

OI 

CM 

o 

ID 

o 

CM 

ID 

cn 

ID 

CM 

cn 

CN 

CO 

r- 

o 

00 

CO 

Mr 

Q 

in 

O 

ID 

f*= 

Mr 

00 

f*= 

o 

O 

CM 

00 

CM 

CN 

CM 

ID 

CM 

o 

CM 

CN 

00 

CM 

CM 

CM 

ID 

CO 

n 

o 

o 

CM 

CO 

in 

ID 

r*. 

OI 

O 

CM 

CO 

II 

II 

II 

H 

II 

H 

II 

II 

II 

CN 

CM 

CM 

CM 

CM 

CM 

CN 

CO 

CO 

CO 

O  H  O  H  O  II  O  11  O  n  O  II  O  II  O  II  O  M  O  II  O  tl  O  II  O  »  O  w  O  <1  O  H  O  II  O  II  O  H  o  II  O  II 

coooooooooooooooooooo 

XQrZttZaxazaxttXaxttXazazazo^xaXfirXficxaZffZttXaxctXQc 

Q.CMaCMaCMaCMaCM(lCMaCMaCMaCMCLCMaCMaCMCLCMa<MO.CMa(NCLCM(LCMaCMO.CMaCM 


coOfloip^cococvcocoinicocMincTiMrcTiiDno 

<r  00'**CMCOViniDC'ODff>OCMCO'VlOf^O>»“CO 

•  ^  .fM  .00  -CM  *<o  ‘in  ‘IP  'CM  -10  •  n  ID  'CP  '00  'in  ••• 

•^OCMOO<Mr-CMf'-CMr''CMO>CM^CM^CMI^CM’-CMlOCN»'COlOCOCMCOOOCO^CO^COOOCO^n  — 

^iD’^00^^’^M»^r^^O»-^^fs.<*-O*^^^C''^’"^Mr'^00'^'*~'^in»*CT>^CM'^iD^O^CM 

CMl0CMlOfMr^<Mt*‘CMf*'CMfl0CM00CM00<Na>CM0lCMC»CMOCMO<MOCV»*CM'^CM'^CMfMfMfMrMr0CMC0 

BCMUCMliCMIlCMMCMllCMIlCMWCMUCMIlCMIlCSIlCOlieOIICOHCOMCOIlCOliCOliCOllCOliCO 

».4l|*-*||Mll»-l||l-4NN^ll»^llMl|M|l»Hl>PMNN4ll»X||M|lMHl-«||N4|l*-4ll»MtllMl|»-4|| 

iiixxixxxiixxxixrxxxi 

attattaccattCLaaa(Laacco.QcacKaaacro.ttaaattaoccLQcatfaacLfico.u. 

ococQcaaaacuatxaaaaDcauccuttu. 

OCOCOfOfOCOCOCOPOCOOtOCOCOCOCOCOCOCOCOCO 

CMCMCVCMCMCMCMCMCMCMMCMCMCMCMCMCMCMCMCMCM 

l^lkU.l^lklLU.WlkU.l^U.lLU.U.U.U.U.l^l^U. 


flO 

OI 

o 

CM 

CO 

n 

in 

ID 

03 

0) 

Q 

CM 

CO 

MT 

in 

ID 

CO 

00 

00 

cn 

OI 

OI 

OI 

OI 

cn 

Ol 

Ol 

Ol 

Ol 

O 

o 

o 

o 

o 

o 

o 

o 

o 

CN 

CN 

CN 

CM 

CN 

CN 

CM 

CM 

CN 

CN 

CM 

CN 

CO 

n 

CO 

CO 

CO 

CO 

CO 

CO 

n 

OI 

01 

01 

OI 

OI 

OI 

OI 

OI 

01 

Ol 

Ol 

Ol 

Ol 

Ol 

Ol 

Ol 

Ol 

0) 

cn 

Ol 

01 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

U 

H 

N 

N 

II 

II 

H 

n 

II 

n 

M 

N 

II 

n 

H 

II 

N 

n 

11 

n 

M 

H 

H 

H 

K 

H- 

H- 

1- 

h* 

H 

►- 

K 

H- 

K 

K 

H 

H 

K 

r- 

CM 

ID 

o 

CN 

OO 

in 

ID 

CM 

00 

in 

cn 

in 

o 

r- 

ID 

Ol 

6 

CM 

CM 

CM 

CM 

CN 

CM 

il 

tl 

II 

H 

II 

tl 

II 

K 

X 

K 

X 

X 

X 

X 

2 

z 

z 

z 

z 

z 

Z 

(X 

u. 

tt 

u. 

a 

u. 

tt 

a 

a 

u. 

ku 

a 

ex 

u. 

CM 

CM 

CM 

CM 

CM 

CM 

CN 

U.. 

U. 

U. 

li. 

t~ 

♦- 

r- 

ID 

CM 

CO 

o 

in 

00 

CO 

in 

o 

o 

CN 

r- 

00 

00 

in 

Mr 

in 

II 

II 

M 

n 

II 

II 

H 

K 

K 

X 

X 

X 

X 

X 

z 

z 

s 

z 

z 

z 

z 

a 

U. 

DC 

U. 

a 

IL 

ex 

OC 

tt 

u. 

U. 

a 

(X 

u. 

CO 

CO 

CO 

n 

CO 

CO 

n 

CN 

CM 

CM 

CM 

CM 

CN 

CN 

li. 

Uu 

1^ 

U. 

H 

►- 

K 

364 


.96  T12FFMX  =  20.88 


DISTRIBUTION  LIST 


Commander 

Armament  Research,  Development  and  Engineering  Center 
U.S.  Army  Armament,  Munitions  and  Chemical  Command 
ATTN;  SMCAR-lMl-1  (3) 

SMCAR-GCL 
SMCAR-AEF-C  (8) 

SMCAR-FSA 

Picatinny  Arsenal,  NJ  07806-5000 
Administrator 

Defense  Technical  Information  Center 
ATTN:  Accessions  Division  (12) 

Cameron  Station 
Alexandria,  VA  22304-6145 

Director 

U.S.  Army  Material  Systems  Analysis  Activity 
ATTN;  AMXSY-MP 

Aberdeen  Proving  Ground,  MD  21005-5066 
Commander 

Chemical/Biological  Defense  Agency 

U.S.  Army  Armament,  Munitions  and  Chemical  Command 

ATTN:  AMSCB-CII,  Library 

Aberdeen  Proving  Ground,  MD  21010-5423 

Director 

U.S.  Army  Edgewood  Research,  Development  and  Engineering  Center 
ATTN;  SCBRD-RTT  (Aerodynamics  Technical  Team) 

Aberdeen  Proving  Ground,  MD  21010-5423 

Director 

U.S.  Army  Research  Laboratory 

ATTN;  AMSRL-OP-CI-B,  Technical  Library 

Aberdeen  Proving  Ground,  MD  21005-5066 


365 


Chief 

Benet  Weapons  Laboratory,  CCAC 

Armament  Research,  Development  and  Engineering  Center 

U.S.  Army  Armament,  Munitions  and  Chemical  Command 

ATTN:  SMCAR-CCB-TL 

Watervliet,  NY  12189-5000 

Director 

U.S.  Army  TRADOC  Analysis  Command-WSMR 

ATTN:  ATRC-WSS-R 

White  Sands  Missile  Range,  NM  88002 

Commander 
USA  ARL 
ATTN:  Library 

SMCAR-AEF-T,  J.  Beard 
2800  Powder  Mill  Road 
Adelphi,  MD  20783 


366 


